WO 2016/005328 PCT/EP2015/065362

Immunogenic products based on mutein amyloid B (AR) amino acid sequences and
uses thereof

SeCIuence Listing

The instant application contains a Sequence Listing which has been submitted elec-
tronically in ASCI| format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on August 27, 2015, is named ABV12075WOO0O1_SL.txt and is
14,095 bytes in size.

Field of the Invention

The invention relates to immunogenic products based on mutein amyloid  (AB) amino
acid sequences, in particular to oligomers of AB muteins, and to the use of said prod-
ucts in diagnosis, treatment and prevention of conditions such as amyloidoses, and for
identifying agents capable of binding to said products.

Background of the Invention

Alzheimer's disease (AD) is a neurodegenerative disorder characterized by a progres-
sive loss of cognitive abilities and by characteristic neuropathological features compris-
ing deposits of amyloid beta (AB) peptide, neurofibrillary tangles and neuronal loss in
several regions of the brain (Hardy and Selkoe, Science 297: 353, 2002; Mattson, Na-
ture 431: 7004, 2004. Cerebral amyloid deposits and cognitive impairments very similar
to those observed in Alzheimer's disease are also hallmarks of Down syndrome {tri-
somy 21), which occurs at a frequency of about 1 in 800 births.

The AB peptide arises from the amyloid precursor protein (APP) by proteolytic pro-
cessing. This processing is effected by the cooperative activity of several proteases
named a-, B- and y-secretase and leads to a number of specific fragments of differing
length. The AR peptide deposits consist mostly of peptides with a length of 40 or 42
amino acids (AB(1-40), AB(1-42)). This protein, which tends to polymerize in an aque-
ous environment, may be present in very different molecular forms including insoluble
forms, such as AB fibrils, as well as soluble forms, such as AR oligomers.

A simple correlation of the deposition of insoluble protein with the occurrence or pro-
gression of dementia disorders such as, for example, Alzheimer's disease, has proved
to be unconvincing (Terry et al., Ann. Neurol. 30: 572-580, 1991; Dickson et al., Neu-
robiol. Aging 16: 285-298, 1995). In contrast, the loss of synapses and cognitive per-
ception seems to correlate better with soluble A forms (Lue et al., Am J Pathol 155:
853-862, 1999; McLean et al., Ann Neurol 46: 860-866, 1999).
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Soluble AB oligomers have been generated synthetically (Barghorn et al., J Neurochem
95: 834-847, 2005), harvested from APP-transfected cell cultures (Walsh et al., Nature
416: 535-539, 2002) and isolated from the brain of APP-transgenic mice (Lesné et al.,
Nature 440: 352-357, 2006). WO 2004/067561 refers to globular oligomers (“glob-
ulomers”) of AB(1-42) peptide and a process for preparing them. WO 2006/094724
relates to non-diffusible globular AB(X — 38 .. 43) oligomers wherein X is selected from
the group consisting of numbers 1 .. 24. WO 2004/067561 and WO 2006/094724 fur-
ther describes that limited proteolysis of the globulomers yields truncated versions of
said globulomers such as AB(20-42) or AB(12-42) globulomers. WO 2007/064917
describes the cloning, expression and isolation of recombinant forms of amyloid 3 pep-
tide (referred to hereafter as N-Met AB(1-42)) and globulomeric forms thereof.

The data suggest the existence of an amyloid fibril independent pathway of A folding
and assembly into AB oligomers which display one or more unique epitopes (hereinaf-
ter referred to as the globulomer epitopes). Said globulomer epitopes were detected in
the brain of AD patients and APP transgenic mice, and AB globulomer was found to
bind specifically to neurons and to block hippocampal long-term potentiation. It has
been found that soluble AB globulomer exert its detrimental effects essentially by inter-
action with the P/Q type presynaptic calcium channel, and that inhibitors of this interac-
tion are therefore useful for treatment of amyloidoses such as Alzheimer’s disease
(WO 2008/104385).

Monoclonal antibodies capable of discriminating between soluble A globulomers and
other A species such as monomers and fibrils have been described previously, for
example in WO 2007/062852. Monoclonal antibodies selective for AR globulomers
were shown to prevent pathological effects of AB oligomers in vitro and in vivo (Hillen et
al., J Neurosci 30(31): 10369-10379, 2010). These results indicate that antibody-
effected neutralization of A globulomers is efficient in a preclinical AD model, and may

thus also be efficient in the treatment and prevention of AD and other amyloidoses.

Besides monoclonal anti-Af3 antibodies for passive immunization, the use of Af3 prepa-
rations for active immunization has been a matter of AD research. Results of such re-
search corroborate that the therapeutic index of an A oligomer vaccine is dependent
on its ability to elicit immune responses that are specific for the pathogenic AR species.
The importance of specificity is corroborated by the results of previous vaccination
studies. The use of pre-aggregated AB(1-42) in a clinical study of active immunization
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on Alzheimer patients, for example, resulted in considerable side effects (meningoen-

cephalitis, hemorrhages) in some of the patients since the antibodies formed also rec-
ognized the AB(1-42) forms presumably required for cell lining, resulting in inflammato-
ry reactions (D. Schenk.; Nat. Rev. Neurosci. 3, 824-828 (2002)).

An A oligomer vaccine should of course not only avoid eliciting autoantibodies binding
to other than the pathogenic AR forms but in general should not induce the formation of
autoantibodies that are capable of pathogenic cross-reactions. In certain cases it has,
however, been found that monoclonal antibodies identified using preparations of wild
type AB oligomers may exhibit cross-reactivity to platelet factor 4 (PF-4). PF-4 binds to
heparin, thus forming neo-epitopes. This may elicit an immune response resulting in a
required thrombotic disorder known as heparin-induced thrombocytopenia (HIT). HIT is
known to be trigged by heparin treatment. Nevertheless, the symptoms of HIT, throm-
bocytopenia and thrombosis, as well as anti-PF-4 autoantibodies have also been ob-
served in patients without prior administration of heparin (Warkentin et al., Am J Med
121(7): 632-6, 2008).

There exists a tremendous, unmet therapeutic need for the development of an A oli-
gomer vaccine that is effective against Alzheimer's disease and related disorders, while
not inducing negative and potentially lethal side effects such as pathologic autoimmune
responses on the patient’s body. Such a need is particularly evident in view of the in-
creasing longevity of the general population and, with this increase, an associated rise
in the number of patients annually diagnosed with Alzheimer’s disease or related disor-

ders.

Summary of the Invention

The present invention meets said need by providing a novel immunogenic product that
is capable of eliciting an antiserum which specifically binds to AB globulomer epitopes,
but has no or low cross-reactivity to platelet factor 4 (PF-4). Accordingly the novel im-
munogenic product comprises one or more epitopes which are recognized by glob-
ulomer-specific antibodies. Monoclonal antibodies binding such epitopes include 7C6,
4D10 and 5F7 which have been described in WO 2007/062852 and are obtainable
from the hybridomas designated by American Type Culture Collection deposit numbers
PTA-7240, PTA-7405, and PTA-7241, respectively..
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Thus, the invention provides an immunogenic product comprising an amyloid 8 (AB)

amino acid sequence having 62.5% or higher identity to the amino acid sequence

V16F 16F 20A21E22D23V 24 G258 26N 27K26G20A0l31132G33 - [SEQ ID NO:2; AB(18-33)],

wherein the product

i) s reactive with a monoclonal antibody selected from the group consisting of
monoclonal antibody 7C6 obtainable from a hybridoma designated by American
Type Culture Collection deposit number PTA-7240; monoclonal antibody 4D10
obtainable from a hybridoma designated by American Type Culture Collection
deposit number PTA-7405, or monoclonal antibody 5F7 obtainable from a hy-
bridoma designated by American Type Culture Collection deposit number PTA-
7241; and

i) is capable of eliciting a polyclonal antiserum which has no or low cross-reactivity
to platelet factor 4 (PF-4)

The present invention also relates to a composition comprising an immunogenic prod-

uct as disclosed herein.

The present invention further relates to a method of treating or preventing an amyloido-
sis in a subject in need thereof, which comprises administering an immunogenic prod-

uct as disclosed herein to the subject. In a related aspect, the present invention relates
to an immunogenic product as disclosed herein for use in treating or preventing an am-

yloidosis.

The present invention also relates to a method of diagnosing an amyloidosis which
comprises providing a sample from the subject suspected of having the amyloidosis,
contacting the sample with an immunogenic product as disclosed herein for a time and
under conditions sufficient for the formation of a complex comprising the product and
an antibody, the presence of the complex indicating the subject has the amyloidosis. In
a related aspect, the present invention relates to an immunogenic product as disclosed

herein for use in diagnosing an amyloidosis.

The present invention also relates to a method of identifying an agent capable of bind-

ing to an immunogenic product as disclosed herein, which method comprises the steps
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of: a) exposing one or more agents of interest to the product for a time and under con-
ditions sufficient for the one or more agents to bind to the product; and b) identifying

those agents which bind to the product.

In a related aspect, the invention provides a method of providing an antibody capable
of binding to an immunogenic product as disclosed herein, which comprises

i) providing an antigen comprising the product;

i) exposing an antibody repertoire to said antigen; and

iii) selecting from said repertoire an antibody which binds to the product.

The present invention further relates to a molecule comprising an amino acid sequence
identical to a portion (X-Y) of an amino acid sequence selected from the group consist-

ing of:

D1A2E3sF4RsHeD7S8GoY 10E11V12H13H14Q1sK16L 17V 18A19F 20A21E 22D23V 24 G 25S 26N 27K 28
G20A30131132G33L34M35V36G37G38V0Vaola1As2 T4z [SEQ ID NO:13; AB(1-43)F19A];
D1A2E3sF4RsHeD7S8GoY 10E11V12H13H14Q1sK16L17V 18F 16A20A21E 22D23V 24 G 25S 26N 27K 28
G20A30131132G33L34M35V36G37G38V0Vaola1As2 T4z [SEQ ID NO:14; AB(1-43)F20A];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusKi16L 17V 18F 10F 20A21A22D 23V 24 G258 26N 27K 28
G20A30131132G33L34M35V36G37G38V30Vaola1As2 Tas [SEQ ID NO:15; AB(1-43)E22A];
D1A2E3sF4RsHeD785GoY 10E11V12H13H14Q1sK16L 17V 18F 10F 20A21F 22D 23V 24G 258 26N27K 28
G20As0l31132G33L34M35V36G37G38Va9Vaola1As2 T3 [SEQ ID NO:16; AB(1-43)E22F];
D1A2E3sF4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 10F 20A21V 22D 23V 24 G258 26N 27K 28
G20A30l31132G33L34M35V36G37G38VaeVaola1Asa Tas [SEQ ID NO:17; AR(1-43)E22V];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 19F 20A21L 22D 23V 24 G 25S 26N 27K 28
G20A30131132G33L34M35V36G37G38Va9Vaola1As2 T4z [SEQ ID NO:18; AB(1-43)E22L];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q15K 16117V 18F 10F 20A21E 20K 23V 24 G258 26N27 K 28
G20As0l31132G33L34M35V36G37G38VagVaola1A42 T4z [SEQ ID NO:19; AB(1-43)D23K];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Qu1sK16L 17V 18F 10F 20A21E 22023V 24 G258 26N 27K 28
G20A30131132G33L34M35V36G37G38Va9Vaola1As2 T4z [SEQ ID NO:20; AB(1-43)D23L];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Qu5K16L 17V 18F 10F 20A21E 22D 23V 24V 258 26N 27K s
G20A30131132G33L34M35V36G37G38Va9Vaola1As2Tas [SEQ ID NO:21; AB(1-43)G25V];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Q15K16L17V18F 10F 20A21E 22D 23V 24 G258 26 N27Kos
G20Gi0l31132G33L34MasV36G37GasVaoVaol41A42 T4z [SEQ ID NO:22; AB(1-43)A30G];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q15K16L17V 18F 105 20A21A22D23V 24 G258 26N27 K28
G20As0l31132G33L34M35V36G37G38VagVaola1As2 T4z [SEQ ID NO:23; AB(1-43)F20G E22A];
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D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19A20A21E22D23V24GZSSZGN27K28
G20A30A31132G33L34M35V36G37G3sVaeVaola1Asa T43 [SEQ ID NO:24; AR(1-43)F20A 131A];
D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19C20A21E22D23V24G25826N27K28
G20A30C31132G33L34M35V36G37GasVagVaola1Asr Tz [SEQ ID NO:25; AB(1-43)F20C I131CJ;
D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19F20Q21 L22D23V24GZ5826N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAs2 Tas [SEQ ID NO:26; AB(1-43)A21Q E22L];
D1A2E3F4R5H6D7S8G9Y10E11V12H13H14Q15K16L17V18F19F20L21Q22D23V24GZ5826N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAgz Tas [SEQ ID NO:27; AB(1-43)A21L E22Q];
D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19F20Q21E22N23V24G25826N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAs2 Tas [SEQ ID NO:28; AB(1-43)A21Q D23N];
D1A2E3F4R5H6D7SSG9Y1OE11V12H13H14Q15K16|—17V18F19F20A21A22D23V24A25326N27K28
G20A30l31132G33L34M35V36G37G38VaeVaola1Asz T43 [SEQ ID NO:29; AR(1-43)E22A G25A];
and
D1A2E3F4R5H6D7SSG9Y1OE11V12H13H14Q15K16L17V18F19F20A21A22D23V24GZSA26N27K28
G20A30l31132G33L34M35V36G37G35VaeVaola1Ag2Tas [SEQ ID NO:30; AB(1-43)E22A S26A],

with X being selected from the group consisting of the numbers 1 .. 18,4 .. 18,12 .. 18,
oris 18, and Y being selected from the group consisting of the numbers 33 .. 43, 33 ..
42,33 .. 41, or 33 .. 40; or a crosslinked derivative thereof, wherein at least 2 non-

contiguous residues of the amino acid sequence are covalently linked with each other.

Brief Description of the Figures

Figure 1 shows a size exclusion chromatogram (SEC) on Superose 12 HR 10/300 GL
of A) wild type AB(20-42) globulomer; B) truncated AR E22A mutein oligomer; and C)
truncated AB F20G E22A mutein oligomer.

Figure 2 is a table indicating whether truncated forms of the listed AR mutein oligomers
were found to be reactive with murine, AB(20-42) globulomer-reactive, monoclonal an-
tibodies m7C6 and m4D10 in an ELISA (+++: strong reactivity; ++: good reactivity; +:

moderate reactivity; +/-: no or little reactivity).
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Detailed Description of the Invention

Unless otherwise defined herein, scientific and technical terms used in connection with
the present invention shall have the meanings that are commonly understood by those
of ordinary skill in the art. The meaning and scope of the terms should be clear, how-
ever, in the event of any latent ambiguity, definitions provided herein take precedent
over any dictionary or extrinsic definition. Further, unless otherwise required by context,
singular terms shall include pluralities and plural terms shall include the singular. In this
application, the use of "or" means "and/or", unless stated otherwise. Furthermore, the
use of the term "including", as well as other forms, such as "includes" and "included", is
not limiting. Also, terms such as "element" or "component" encompass both elements
and components comprising one unit and elements and components that comprise

more than one subunit unless specifically stated otherwise.

Generally, nomenclatures used in connection with, and techniques of, cell and tissue
culture, molecular biology, immunology, microbiology, genetics, protein and nucleic
acid chemistry, and hybridization described herein are those well known and commonly
used in the art. The methods and techniques of the present invention are generally
performed according to conventional methods well known in the art and as described in
various general and more specific references that are cited and discussed throughout
the present specification unless otherwise indicated. Enzymatic reactions and purifica-
tion techniques are performed according to manufacturer's specifications, as commonly
accomplished in the art or as described herein. The nomenclatures used in connection
with, and the laboratory procedures and techniques of, analytical chemistry, synthetic
organic chemistry, and medicinal and pharmaceutical chemistry described herein are
those well known and commonly used in the art. Standard techniques are used for
chemical syntheses, chemical analyses, pharmaceutical preparation, formulation, and
delivery, and treatment of patients.

The present invention provides an immunogenic product that is on the one hand reac-
tive with antibodies binding globulomer epitopes such as monoclonal antibody 7C6,
monoclonal antibody 4D10, or monoclonal antibody 5F7, and on the other hand is ca-

pable of eliciting a polyclonal antiserum which has no or low cross-reactivity to PF-4.

PF-4 is a small, 70-amino acid cytokine that belongs to the CXC chemokine family and
is also known as chemokine (C-X-C moitif) ligand 4 (CXCL4). PF-4 is released from
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alpha-granules of activated platelets during platelet aggregation, and promotes blood
coagulation by moderating the effects of heparin-like molecules. Due to these func-
tions, it is predicted to be involved in wound repair and inflammation (Eismann et al.,
Blood 76(2): 336—44, 1990). PF-4 is usually found in a complex with proteoglycan and
can form complexes with the anticoagulant heparin which is in use as pharmacological
treatment of thrombosis. It has a well described pathological function in heparin-
induced thrombocytopenia (HIT), an idiosyncratic autoimmune reaction to the admin-
istration of the anticoagulant heparin (Warkentin, N. Engl. J. Med. 356(9): 891-3,
2007), wherein the heparin:PF4 complex is the antigen. PF4 autoantibodies have also
been found in patients with thrombosis and features resembling HIT but no prior admin-
istration of heparin (Warkentin et al., Am. J. Med. 121(7): 632-6, 2008). Heparin-
induced thrombocytopenia is characterized by the development of thrombocytopenia (a
low platelet count), and in addition HIT predisposes to thrombosis. In view of these
functions and involvement of PF-4 in pathological processes it can be concluded that
the administration of antigens (e.g. vaccines) which elicite a polyclonal antiserum which
show binding (e.g. cross-reactivity) to the PF-4 present in a subject may affect said PF-
4 functions and thus result in adverse (side) effects. The degree and nature of such
adverse effects may vary depending on parameters such as location and size of the

epitope on PF-4, binding strength and nature of the respective antiserum.

The immunogenic product of the invention is capable of eliciting a polyclonal antiserum
which has no or low cross-reactivity to platelet factor 4 (PF-4). Thus, a development of

adverse reactions such as HIT which might result from immunization with products hav-
ing PF-4 cross-reactivity can be avoided when using the immunogenic product of the

invention for active immunization of a subject.

In one aspect of the invention, the polyclonal antiserum having no or low cross-
reactivity to PF-4 elicited by the immunogenic product described herein is a polyclonal
antiserum from a mouse or a rabbit. Preferably, the polyclonal antiserum is an affinity

purified antiserum enriched in antibodies binding to the product.

In different aspects of the invention, the PF-4 is selected from the PF-4 in cynomolgus

plasma and the PF-4 in human plasma.

The capability of an immunogenic product of eliciting a polyclonal antiserum which has

no or low cross-reactivity to platelet factor 4 (PF-4) may be tested using standard
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methods well known in the art. For example, the immunogenic product may be used to
immunize a mouse or a rabbit in order to subsequently obtain a polyclonal antiserum
thereof. As generally known, among individual antisera there may be variations regard-
ing the amount of antibodies raised against the immunogenic product used for immun-
ization. In order to avoid false negative results in the assay for PF-4 reactivity, the poly-
clonal antiserum may be therefore be enriched in antibodies binding to the immunogen-
ic product. Such enrichment can be achieved using standard methods of affinity purifi-
cation which, for example, comprise immobilizing the immunogenic product on a solid
carrier (e.g. sepharose beads), contacting the carrier with the antiserum such as to
allow binding of antibodies to the immobilized immunogenic product, and eluting bound
antibodies from the carrier (e.g. using an acidic elution buffer), wherein the eluate is the
affinity purified antiserum enriched in antibodies binding to the immunogenic product. If
the immobilized product is a (truncated) AB mutein oligomer the A mutein comprised
in the immunogenic product may optionally be additionally immobilized on the carrier in
monomeric form in order to ensure that all anti-AB antibodies are affinity purified which
potentially may also bind to non-oligomeric A forms such as monomeric or fibrillary

forms.

In a specific aspect of the invention, the cross-reactivity is determined as the binding of
the polyclonal antiserum to plasma PF-4, with the polyclonal antiserum being immobi-
lized, for example by binding to immobilized anti-IgG antibody. Bound PF-4 may be
detected as anti-PF-4 antibody bound to said PF-4. The anti-PF-4 antibody may be a
monoclonal antibody or a polyclonal antiserum and in particular is reactive with PF-4
having the amino acid sequence EAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAG-
PHCPTAQLIATLKNGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO:12). The anti-PF-4
antibody may be a labeled antibody and detection is measuring the signal generated by
the label. Alternatively, the bound anti-PF-4 antibody may be detected as labeled anti-
IgG antibody bound to anti-PF-4 antibody and detection is measuring the signal gener-
ated by the label.

According to another particular embodiment, the cross-reaction to PF-4 of antisera elic-
ited by the immunogenic product of the invention refers to ratio of AUC values for said
antisera and a reference anti-PF-4 antibody obtained by (i) performing an aligned
sandwich-ELISA with human or cynomolgus plasma and dilution series of binding pro-
tein and reference anti-PF-4 antibody, (ii) plotting detected signal (y-axis) against log-

transformed concentrations of antiserum or reference anti-PF-4 antibody (x-axis), and
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(iii} determining the area under the curve (AUC, or total peak area) from these non-
curve fitted data in the measured range.

A “reference anti-PF-4 antibody”, as used herein, is an antibody, in particular a mono-
clonal antibody, that is specifically reactive with PF-4, in particular human (HPF4).
Such an antibody is obtainable by providing an antigen comprising human PF-4, for
instance human PF-4 having amino acid sequence
EAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAGPHCPTAQLIATLKNGRKICLDLQAP-
LYKKIIKKLLES (SEQ ID NO:12), exposing an antibody repertoire to said antigen and
selecting from said antigen repertoire an antibody which binds specifically to human
PF-4. The antibody may optionally be affinity purified using the immunogen (human
PF-4). Such reference anti-PF4 antibodies are commercially available, for example,
monoclonal anti-HPF4 antibody, Abcam cat. no.: ab49735.

In a particular aspect of the invention, the immunogenic product described herein is
capable of eliciting a polyclonal antiserum having a cross-reactivity to PF-4 that is at
least 10 times, e. g. at least 20 times, at least 30 times or at least 50 times, more pref-
erably at least 100 times, e. g. at least 200 times, at least 300 times or at least 500
times, and even more preferably at least 1000 times, e. g. at least 2000 times, at least
3000 times or at least 5000 times, even more preferably at least 10000 times, e. g. at
least 20000 times, at least 30000 or at least 50000 times, and most preferably at least
100000 times smaller than the cross-reactivity of a reference anti-PF-4 antibody to PF-
4,

Further, the immunogenic products of the invention are characterized by their reactivity
with particular antibodies. Such antibodies include in particular antibodies binding glob-
ulomer epitopes, in particualr antibodies having a binding affinity to an AB(20-42) glob-
ulomer that is greater than the binding affinity of the antibody to an AB(1-42) glob-

ulomer.

Antibodies having a binding affinity to an AB(20-42) globulomer that is greater than the
binding affinity of the antibody to an AB(1-42) globulomer are described in WO
2007/062852, which are incorporated herein by reference, and include, for instance, a
monoclonal antibody selected from the group consisting of 7C8, 4D10 und 5F7.

RECTIFIED SHEET (RULE 91) ISA/EP
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Thus, according to one embodiment of the invention, the immunogenic product of the
invention is reactive with a monoclonal antibody selected from the group consisting of
monoclonal antibody 7C6 obtainable from a hybridoma designated by American Type
Culture Collection deposit number PTA-7240; or monoclonal antibody 4D10 obtainable
from a hybridoma designated by American Type Culture Collection deposit number
PTA-7405, or monoclonal antibody 5F7 obtainable from a hybridoma designated by
American Type Culture Collection deposit number PTA-7241.

In one aspect of the invention, the monoclonal antibody 7C6 binds to the immunogenic
product described herein with high affinity, for instance with a Kp of 1x10® M or greater
affinity or with a Kp of 1x107 M or greater affinity, e.g. with a Kp of 3x10® M or greater
affinity, with a Kp of 1x10® M or greater affinity, e.g. with a Kp of 3x10™° M or greater
affinity, with a Kp of 1x10™° M or greater affinity, e.g. with a Kp of 3x107'° M or greater
affinity, with a Kp of 1x10™'° M or greater affinity, e.g. with a Kp of 3x10™"" M or greater
affinity, or with a Kp of 1x10™"" M or greater affinity.

In another aspect of the invention, the monoclonal antibody 4D10 binds to the immu-
nogenic product described herein with high affinity, for instance with a Kp of 1x10® M or
greater affinity or with a Kp of 1x10” M or greater affinity, e.g. with a Kp of 3x10° M or
greater affinity, with a Kp of 1x10"® M or greater affinity, e.g. with a Kp of 3x10° M or
greater affinity, with a Kp of 1x10°° M or greater affinity, e.g. with a Kp of 3x10™° M or
greater affinity, with a Kp of 1x10"° M or greater affinity, e.g. with a Kp of 3x10™" M or

greater affinity, or with a Kp of 1x10™"" M or greater affinity.

In still another aspect of the invention, the monoclonal antibody 5F7 binds to the immu-
nogenic product described herein with high affinity, for instance with a Kp of 1x10° M or
greater affinity or with a Kp of 1x10” M or greater affinity, e.g. with a Kp of 3x10® M or
greater affinity, with a Kp of 1x10® M or greater affinity, e.g. with a Kp of 3x10° M or
greater affinity, with a Kp of 1x10°° M or greater affinity, e.g. with a Kp of 3x10™° M or
greater affinity, with a Kp of 1x10™'° M or greater affinity, e.g. with a Kp of 3x10™"" M or

greater affinity, or with a Kp of 1x10™"" M or greater affinity.

The immunogenic products of the present invention that react with globulomer-specific
antibodies are believed to display at least one globulomer epitope. Therefore, the im-

munogenic products of the present invention are capable of eliciting an immune re-
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sponse having a similar profil as the immune response elicited when ABR(20-42) glob-

ulomers or other truncated globulomers are used as immunogen.

The term "epitope” includes any polypeptide determinant capable of specific binding to
an immunoglobulin or T-cell receptor. In certain embodiments, epitope determinants
include chemically active surface groupings of molecules such as amino acids, sugar
side chains, phosphoryl, or sulfonyl, and, in certain embodiments, may have specific
three dimensional structural characteristics, and/or specific charge characteristics. An
epitope is a region of an antigen that is bound by a binding protein, in particular by an
antibody. In certain embodiments, a binding protein or an antibody is said to specifically
bind an antigen when it preferentially recognizes its target antigen in a complex mixture

of proteins and/or macromolecules.

According to a particular embodiment, the immunogenic products of the invention are
characterized by their ability of eliciting such a particular immune response, for in-
stance if a mammal, e.g. a rabbit or a mouse, is immunized with an immunogenic

product of the invention.

An immune response may be regarded as a mixture of antibodies resulting from chal-
lenging (immunizing) a host with an antigen (the immunogen). Said mixture of antibod-

ies can be obtained from the host and is herein referred to as the polyclonal antiserum.

In one aspect, such a particular immune response, i.e., the corresponding polyclonal
antiserum, is characterized by comprising an antibody having a binding affinity to an
immunogenic product of the invention or to an A8 globulomer that is greater than the
binding affinity of the antibody to at least one A form selected from the group consist-
ing of monomeric AR(1-42), monomeric AR(1-40), monomeric AB(20-42), fibrillomeric
AB(1-42), and fibrillomeric AB(1-40), and preferably to all of said AR forms.

According to a particular embodiment, the immune response, i.e., the corresponding
polyclonal antiserum, is characterized by having an affinity to an immunogenic product
of the invention or to an A globulomer which is at least 2 times, e. g. at least 3 times
or at least 5 times, preferably at least 10 times, e. g. at least 20 times, at least 30 times
or at least 50 times, more preferably at least 100 times, e. g. at least 200 times, at least
300 times or at least 500 times, and even more preferably at least 1000 times, e. g. at

least 2000 times, at least 3000 times or at least 5000 times, even more preferably at
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least 10000 times, e. g. at least 20000 times, at least 30000 or at least 50000 times,
and most preferably at least 100000 times greater than the binding affinity of the anti-
serum to at least one A form selected from the group consisting of monomeric AB(1-
42), monomeric AB(1-40), monomeric AB(20-42), fibrillomeric AB(1-42), and fibrillomer-
ic AB(1-40), and preferably to all of said AR forms.

In related aspects of the invention, said AB globulomer is selected from the group con-
sisting of an AB(1-42) globulomer, an AB(12-42) globulomer and an AB(20-42) glob-

ulomer.

As used herein, the ellipsis A .. B denotes the set comprising all natural numbers from
A to B, including both, e.g. “17 .. 20” thus denotes the group of the numbers 17, 18, 19
and 20. The hyphen denotes a contiguous sequence of amino acids, i.e., “X —Y” com-
prises the sequence from amino acid X to amino acid Y, including both. Thus, “A .. B —
C .. D” comprises all possible combinations between members of these two sets, e.g.
“17 .. 20 — 40 .. 42” comprises all of the following: 17 — 40, 17 — 41,17 — 42, 18 — 40,

18 -41,18 — 42,19 - 40, 19 - 41,19 — 42, 20 — 40, 20 — 41 and 20 — 42. Unless stat-
ed otherwise, all numbers refer to the beginning of the mature peptide, 1 indicating the

N-terminal amino acid.

The term “AB(X-Y)” as used herein refers to a polypeptide having the amino acid se-
quence from amino acid position X to amino acid position Y of the human amyloid beta
(AB) protein including both X and Y, in particular to the amino acid sequence from ami-
no acid position X to amino acid position Y of the amino acid sequence
D1AE3F4RsHeD7SsGoY 10E 11V 12H13H14Q15K 16117V 18F 10F 20A21E 22D23V 24 G25S 26N 27 K26 G 20Az0
[31132G33L34M35V36G37G38V39Vaols1As2Tas (SEQ ID NO:1) (corresponding to amino acid

positions 1 to 43 of human A( protein), or a mutein thereof.

The term “AB(X-Y) monomer” or “monomeric AB(X-Y)” here refers to the isolated form
of the AB(X-Y) peptide, preferably a form of the AB(X-Y) peptide which is not engaged
in essentially non-covalent interactions with other A3 peptides. Practically, the AB(X-Y)
monomer is usually provided in the form of an aqueous solution. In a particularly pre-
ferred embodiment of the invention, the aqueous monomer solution contains 0.05% to
0.2%, more preferably about 0.1% NH,OH. In another particularly preferred embodi-
ment of the invention, the agueous monomer solution contains 0.05% to 0.2%, more

preferably about 0.1% NaOH. When used (for instance for determining the binding af-
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finities of the antibodies of the present invention), it may be expedient to dilute said
solution in an appropriate manner. Further, it is usually expedient to use said solution
within 2 hours, in particular within 1 hour, and especially within 30 minutes after its

preparation.

More specifically, the term “AB(1-40) monomer” here refers to an AB(1-40) monomer
preparation as described in reference example 1 herein, and the term “A(1-42) mon-
omer” here refers to an AB(1-42) preparation as described in reference example 2
herein.

The term “fibril” here refers to a molecular structure that comprises assemblies of non-
covalently associated, individual AB(X-Y) peptides, which show fibrillary structure in the
electron microscope, which bind Congo red and then exhibit birefringence under polar-

ized light and whose X-ray diffraction pattern is a cross-§ structure.

In another aspect of the invention, a fibril is a molecular structure obtainable by a pro-
cess that comprises the self-induced polymeric aggregation of a suitable AB peptide in
the absence of detergents, e. g.in 0.1 M HCI, leading to the formation of aggregates of
more than 24, preferably more than 100 units. This process is well known in the art.
Expediently, AB(X-Y) fibrils are used in the form of an aqueous solution. In a particular-
ly preferred embodiment of the invention, the aqueous fibril solution is made by dissolv-
ing the AB peptide in 0.1% NH,OH, diluting it 1 : 4 with 20 mM NaH,PO,, 140 mM
NaCl, pH 7.4, followed by readjusting the pH to 7.4, incubating the solution at 37°C for
20 h, followed by centrifugation at 10,000 g for 10 min and resuspension in 20 mM
NaH,PO,4, 140 mM NaCl, pH 7 4.

The term “AB(X-Y) fibril” here refers to a fibril consisting essentially of AB(X-Y) subu-
nits, where it is preferred if on average at least 90% of the subunits are of the AB(X-Y)
type, more preferred if at least 98% of the subunits are of the AB(X-Y) type, and most
preferred if the content of non-ABR(X-Y) peptides is below the detection threshold.

More specifically, the term “AB(1-42) fibril” here refers to a AB(1-42) fibril preparation as
described in reference example 6 herein.

In another aspect, such an immune response is characterized by comprising an anti-

body having a binding affinity to an immunogenic product of the invention or to an
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AB(20-42) globulomer that is greater than the binding affinity of the antibody to an
AB(1-42) globulomer or AB(12-42) globulomer.

Accordingly, in a further aspect of the invention, the immunogenic product described
herein is capable of eliciting a polyclonal antiserum having an affinity to an immunogen-
ic product of the invention or an AB(20-42) globulomer which is at least 2 times, e. g. at
least 3 times or at least 5 times, preferably at least 10 times, e. g. at least 20 times, at
least 30 times or at least 50 times, more preferably at least 100 times, e. g. at least 200
times, at least 300 times or at least 500 times, and even more preferably at least 1000
times, e. g. at least 2000 times, at least 3000 times or at least 5000 times, even more
preferably at least 10000 times, e. g. at least 20000 times, at least 30000 or at least
50000 times, and most preferably at least 100000 times greater than the affinity of the
antiserum to at least one AB globulomer selected from the group consisting of AB(1-42)

globulomer and AB(12-42) globulomer.

The binding affinities of antibodies (monoclonal or polyclonal) to a given antigen (such
as the immunogenic products of the present invention) may be evaluated by using
standardized in-vitro immunoassays such as ELISA, dot blot or surface plasmon reso-
nance analyses. The term "surface plasmon resonance", as used herein, refers to an
optical phenomenon that allows for the analysis of real-time biospecific interactions by
detection of alterations in protein concentrations within a biosensor matrix, for example
using the BIAcore system (Pharmacia Biosensor AB, Uppsala, Sweden and Pisca-
taway, NJ). For further descriptions, see Jonsson, U., et al. (1993) Ann. Biol. Clin.
51:19-26; Jonsson, U., et al. (1991) Biotechniques 11:620-627; Johnsson, B., et al.
(1995) J. Mol. Recognit. 8:125-131; and Johnsson, B., et al. (1991) Anal. Biochem.
198:268-277.

According to a particular embodiment, the affinities defined herein refer to the values
obtained by performing a dot blot as described herein and evaluating it by densitome-
try. According to a particular embodiment of the invention, determining the binding af-
finity by dot blot comprises the following: a certain amount of the antigen (e.g. the im-
munogenic product of the invention; AB(X-Y) oligomer, AB(X-Y) monomer or AB(X-Y)
fibrils, as defined above) or, expediently, an appropriate dilution thereof, for instance in
20 mM NaH,PQO4, 140 mM NaCl, pH 7.4, 0.2 mg/ml BSA to an antigen concentration of,
for example, 100 pmol/ul, 10 pmol/ul, 1 pmol/ul, 0.1 pmol/ul and 0.01 pmol/ul, is dotted
onto a nitrocellulose membrane, the membrane is then blocked with milk to prevent
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unspecific binding and washed, then contacted with the antibody or antiserum of inter-
est followed by detection of the latter by means of an enzyme-conjugated secondary
antibody and a colorimetric reaction; at defined antibody concentrations, the amount of
antibody bound allows affinity determination. Thus the relative affinity of two different
antibodies or antisera to one antigen, or of one antibody or antiserum to two different
antigens, is defined herein as the relation of the respective amounts of antigen-bound
antibody observed with the two antibody/antiserum-antigen combinations under other-
wise identical dot blot conditions. Unlike a similar approach based on Western blotting,
the dot blot approach will determine an antibody’s affinity to a given antigen in the lat-
ter’s natural conformation; unlike the ELISA approach, the dot blot approach does not
suffer from differences in the affinities between different targets and the matrix, thereby

allowing for more precise comparisons between different antigens.

The term “greater affinity” here refers to a degree of interaction where the equilibrium
between unbound antibody and unbound immunogenic product or globulomer on the
one hand and antibody-immunogenic product/globulomer complex on the other is fur-
ther in favor of the complex. Likewise, the term “smaller affinity” here refers to a degree
of interaction where the equilibrium between unbound antibody and unbound immuno-
genic product or globulomer on the one hand and antibody-immunogenic prod-
uct/globulomer complex on the other is further in favor of the unbound antibody and
unbound immunogenic product/globulomer. The term “greater affinity” is synonymous
with the term “higher affinity” and term “smaller affinity” is synonymous with the term
“lower affinity”.

The term "Kp" (also "K4" or “KD”), as used herein, is intended to refer to the "equilibrium
dissociation constant”, and refers to the value obtained in a titration measurement at
equilibrium, or by dividing the dissociation rate constant (k) by the association rate
constant (ko). The association rate constant (kon), the dissociation rate constant (Kox),
and the equilibrium dissociation constant (Kp) are used to represent the binding affinity
of a binding protein (e.g., an antibody) to an antigen. Methods for determining associa-
tion and dissociation rate constants are well known in the art. Using fluorescence—
based techniques offers high sensitivity and the ability to examine samples in physio-
logical buffers at equilibrium. Other experimental approaches and instruments such as
a BlAcore® (biomolecular interaction analysis) assay can be used (e.g., instrument

available from BlAcore International AB, a GE Healthcare company, Uppsala, Swe-
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den). Additionally, a KinEXA® (Kinetic Exclusion Assay) assay, available from Sapi-

dyne Instruments (Boise, Idaho) can also be used.

According to a particular embodiment, the immunogenic products of the invention are
soluble, in particular soluble in agueous media (e.g. an aqueous solution of 5 mM
NaH,PO, and 35 mM NaCl, more specifically an aqueous solution of 5 mM NaH,PO,
and 35 mM NaCl comprising an amphipatic agent in a concentration as indicated below
or an aqueous solution of 5 mM NaH,PQO, and 35 mM NaCl having a pH of 8 to 10, 8.0
t0 9.5, or 8.0 t0 9.0). Solubilities of at least 0.1, 1, or 5 mg protein per mL solution are
expedient. Solubility can be checked by centrifugation. An immunogenic product is sol-
uble if it does not precipitate upon centrifugation at 10,000 x g and a temperature in the
range of 10 to 40 °C, e.g. at 37 °C.

Further, it is preferred that the immunogenic product of the invention comprises a plu-

rality, e.g. 2 to 28, of the AB amino acid sequences described herein.

Thus, the immunogenic product of the invention is, in particular, an oligomer of A3

muteins, that may optionally be truncated and/or crosslinked.

The terms “A oligomer” or “A3 mutein oligomer” as used herein refer to a soluble, (in
the absence of deliberate crosslinking) non-covalent association of AB polypeptides
and AB muteins as defined above. According to one aspect, A oligomers are stable,
non-fibrillary assemblies of AR (mutein) polypeptides which are obtainable by incuba-
tion with anionic detergents. The term “AB globulomer” as used herein refers to an AB
oligomer having a 3-dimensional globular type structure ("molten globule", see Bar-
ghorn et al., J Neurochem 95: 834-847, 2005). AB (mutein) oligomers may be charac-
terized by one or more of the following features:

- at least partial cleavability of N-terminal amino acids X-24 with promiscuous prote-
ases (such as thermolysin or endoproteinase GluC) yielding truncated forms of A3
(mutein) oligomers;

- non-accessibility of C-terminal amino acids 25-Y with promiscuous proteases and
antibodies;

- truncated forms of these oligomers maintain the 3-dimensional core structure of
said oligomers with a better accessibility of the core epitope AB(18-33).
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The term “truncated A oligomer” or “truncated AR mutein oligomer” as used herein
refers to a truncated form of AB (mutein) oligomer which can be obtained by subjecting
AB oligomer to limited proteolytic digestion. More specifically, truncated AB(X-Y)
(mutein) oligomers include N-terminally truncated forms wherein X is selected from the
group consisting of the numbers 2 .. 24, and Y is as defined herein, which are obtaina-
ble by truncating AB(1-Y) (mutein) oligomers by treatment with appropriate proteases.
For instance, an A3(20-42) oligomer can be obtained by subjecting an AB(1-42) oligo-
mer to thermolysin proteolysis, and an AB(12-42) oligomer can be obtained by subject-
ing an AB(1-42) oligomer to endoproteinase GluC proteolysis. When the desired de-
gree of proteolysis is reached, the protease is inactivated in a generally known manner.
The resulting oligomers may then be isolated following the procedures already de-
scribed herein and, if required, processed further by further work-up and purification

steps.

The oligomers of the invention are obtainable by oligomerization of the corresponding
AB mutein peptide comprising the AB amino acid sequence. The oligomerization com-
prises a noncovalent aggregation of monomeric A mutein peptide so that the oligo-
mers of the invention can be assumed to be composed of a plurality of AR mutein pep-

tides.

The starting material, i.e. AR mutein peptide, may be prepared by known peptide-
synthetic methods or recombinantly. In addition, a number of these proteins are com-
mercially available. In a particular embodiment, the AB mutein peptide is synthetic AR

mutein peptide.

Said peptide may be produced by chemical synthesis using various solid-phase tech-
niques such as those described in G. Barany and R.B. Merrifield, “The Peptides: Anal-
ysis, Synthesis, Biology”; Volume 2 - “Special Methods in Peptide Synthesis, Part A”,
pp. 3-284, E. Gross and J. Meienhofer, Eds., Academic Press, New York, 1980; and in
J. M. Stewart and J. D. Young, “Solid-Phase Peptide Synthesis”, 2nd Ed., Pierce
Chemical Co., Rockford, IL, 1984. This strategy is based on the Fmoc (9-
Fluorenylmethyl methyl-oxycarbonyl) group for temporary protection of the a-amino
group, in combination with the tert-butyl group for temporary protection of the amino
acid side chains (see for example E. Atherton and R. C. Sheppard, “The Fluorenyl-

methoxycarbonyl Amino Protecting Group”, in “The Peptides: Analysis, Synthesis, Biol-
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ogy”; Volume 9 -“Special Methods in Peptide Synthesis, Part C”, pp. 1-38, S. Unden-
friend and J. Meienhofer, Eds., Academic Press, San Diego, 1987.

The peptides can be synthesized in a stepwise manner on an insoluble polymer sup-
port (also referred to as “resin”) starting from the C-terminus of the peptide. A synthe-
sis is begun by appending the C-terminal amino acid of the peptide to the resin through
formation of an amide or ester linkage. This allows the eventual release of the resulting
peptide as a C-terminal amide or carboxylic acid, respectively. Alternatively, in cases
where a C-terminal amino alcohol is present, the C-terminal residue may be attached
to 2-Methoxy-4-alkoxybenzyl alcohol resin (SASRIN™, Bachem Bioscience, Inc., King
of Prussia, PA) as described herein and, after completion of the peptide sequence as-
sembly, the resulting peptide alcohol is released with LiBH, in THF (see J. M. Stewart
and J. D. Young, supra, p. 92).

The C-terminal amino acid and all other amino acids used in the synthesis are required
to have their a-amino groups and side chain functionalities (if present) differentially
protected such that the a-amino protecting group may be selectively removed during
the synthesis. The coupling of an amino acid is performed by activation of its carboxyl
group as an active ester and reaction thereof with the unblocked a-amino group of the
N-terminal amino acid appended to the resin. The sequence of a-amino group depro-
tection and coupling is repeated until the entire peptide sequence is assembled. The
peptide is then released from the resin with concomitant deprotection of the side chain
functionalities, usually in the presence of appropriate scavengers to limit side reactions.
The resulting peptide is finally purified by reverse phase HPLC.

The synthesis of the peptidyl-resins required as precursors to the final peptides utilizes
commercially available cross-linked polystyrene polymer resins (Novabiochem, San
Diego, CA; Applied Biosystems, Foster City, CA).Preferred solid supports are: 4-(2',4’-
dimethoxyphenyl-Fmoc-aminomethyl)-phenoxyacetyl-p-methyl benzhydrylamine resin
(Rink amide MBHA resin); 9-Fmoc-amino-xanthen-3-yloxy-Merrifield resin (Sieber am-
ide resin); 4-(9-Fmoc)aminomethyl-3,5-dimethoxyphenoxy)valeryl-aminomethyl-
Merrifield resin (PAL resin), for C-terminal carboxamides. Coupling of first and subse-
guent amino acids can be accomplished using HOBT or HOAT active esters produced
from DIC/HOBT, HBTU/HOBT, BOP, PyBOP, or from DIC/HOAT, HATU/HOAT, re-
spectively. Preferred solid supports are: 2-Chlorotrityl chloride resin and 9-Fmoc-

amino-xanthen-3-yloxy-Merrifield resin (Sieber amide resin) for protected peptide frag-
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ments. Loading of the first amino acid onto the 2-chlorotrityl chloride resin is best
achieved by reacting the Fmoc-protected amino acid with the resin in dichloromethane
and DIEA. If necessary, a small amount of DMF may be added to facilitate dissolution

of the amino acid.

The syntheses can be carried out by using a peptide synthesizer, such as an Advanced
Chemtech Multiple Peptide Synthesizer (MPS396) or an Applied Biosystems Inc. pep-
tide synthesizer (ABI 433a).

Alternatively, any other appropriate methodology known to those familiar with the art
could be used, including: 1) synthesis of multiple copies of the desired peptide sepa-
rated by the appropriate cleavage sites for enzymatic or chemical cleavage of peptide
bonds, resulting in the desired peptide, 2) recombinant expression of APP in any sys-
tem known to those familiar with the art, and containing the amino acid sequence, fol-
lowed by either enzymatic or chemical processing to yield the desired peptide, 3) re-
combinant expression of the desired peptide as a fusion protein in any system known
to those familiar with the art, 4) recombinant expression of the desired peptide directly

in any system known to those familiar with the art.

The recombinant expression of amyloid [ peptides is described in W02007/064917.
Moreover, general methods for expression of heterologous proteins in recombinant
hosts, chemical synthesis of polypeptides, and in vitro translation are well known in the
art and are described further in Maniatis et al., Molecular Cloning: A Laboratory Manual
(1989), 2nd Ed. , Cold Spring Harbor, N. Y.; Berger and Kimmel, Methods in Enzymol-
ogy, Volume 152, Guide to Molecular Cloning Techniques (1987), Academic Press,
Inc., San Diego, Calif. ; Merrifield, J. (1969) J. Am. Chem. Soc. 91: 501; Chaiken 1. M.
(1981) CRC Crit. Rev. Biochem. 11: 255; Kaiser et al. (1989) Science 243: 187 ; Merri-
field, B. (1986) Science 232: 342; Kent, S. B. H. (1988) Ann. Rev. Biochem. 57: 957,
and Offord, R. E. (1980) Semisynthetic Proteins, Wiley Publishing).

The peptide obtained is then subjected to conditions that allow the oligomer to form.
Conditions suitable for oligomer formation are described in, for instance, WO
2004/067561; WO 2006/094724; S. Barghorn et al., J. Neurochem. 95, 834 (2005) and
WO 2007/064917, which are incorporated herein by reference.
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In a first step, monomeric AR mutein peptide is dissolved in a solvent. Preferably, the
solvent is a hydrogen bond-breaking agent. The purpose of this treatment is to provide

a solution of the unfolded peptide.

Suitable hydrogen bond-breaking agents are known in the art. These include organic
compounds such as 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) and aqueous solutions of
bases such as sodium hydroxide, potassium hydroxide, formic acid, 2,2,2-

trifluoroethanol (TFE), urea and guanidinium chloride.

According to a particular embodiment, the hydrogen bond-breaking agent is HFIP.

In order to help the AB mutein peptide dissolving in the hydrogen bond-breaking agent
the mixture may be subjected to agitation, e.g. shaking. Times of dissolution of a few
minutes to a few hours, for example 15 minutes to 5 hours, are sufficient when the
temperature is from 22 to 50°C. For instance, the peptide can be expediently dissolved
by shaking it in HFIP for about 2.5 hours at about 37°C.

The amount of AR mutein peptide may be such that 2 mg/mL to 50 mg/mL, 5 mg/mL to
40 mg/mL, or 5 mg/mL to 30 mg/mL of peptide are dissolved in the hydrogen bond-
breaking agent. For instance, the concentration of AR mutein peptide dissolved in the

hydrogen bond-breaking agent can be expediently adjusted to about 6 mg/mL in HFIP.

It is expedient if a clear solution is obtained by dissolving the AB mutein peptide in the

hydrogen bond-breaking agent.

The hydrogen bond-breaking agent is then removed, e.g. by evaporation, and the resi-
due is resuspended in a suitable solvent, e.g. DMSO. The amount of AR mutein peptide
may be such that 1 mM to 10 mM, 2 mM to 8 mM, or 4 mM to 6 mM of peptide are re-
suspended in the solvent. For instance, the concentration of resuspended AB mutein

peptide can be expediently adjusted to about 5 mM in DMSO.

In a further step, an amphipatic agent is added to the solution of AR mutein peptide in
the hydrogen bond-breaking agent. The addition of the amphipatic agent induces the
oligomerization of the peptide to give the oligomers.
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Amphipathic agents include fatty acids or detergents, some of which are listed in

WQ02007064917, which are incorporated herein by reference.

For instance, sulfates, in particular alkyl sulfates and alkyl ether sulfates; sulfonates,
e.g. sodium dodecyl sulphate (SDS), carboxylic acids, such as fatty acids, e.qg. lauric
acid, sarcosines, e.g. N-lauroylsarcosin (also known as sarkosyl NL-30 or Gardol®),
alkylaryl alcohol polyoxyethylene ethers, such as octylphenol polyoxyethylene ethers,
e.g. tert-octylphenol x 9-10EQ (also known as Triton® X100), or alkylaryl nonylphenol
polyoxyethylene ethers, e.g. nonylphenol x 20EO (also known as Tergitol® NP-40), 3-
(3-cholamidopropyldimethylammonio-1-propane sulfonate (CHAPS), dodecyl-N,N-
dimethyl-3-amino-1-propane sulfonate (DDAP), and amines, in particular alkyl amines,
e.g. dodecylamine, can be expediently used as amphipatic agent in the process of the
invention. Also, sugar surfactants, in particular polyethoxylated sorbitol esters, such as,
for example, polyethoxylated sorbitol fatty acid esters, e.g. polyoxyethylene sorbitan
monooleate (also kown as Polysorbat 80 or Tween® 80), can be expediently used as

amphipatic agent in the process of the invention.

According to a particular embodiment, the amphipatic agent is added in the form of an
aqueous solution comprising the amphipatic agent. Said solution may be buffered. A
pH value in the range from 6.0 to 10.0, 6.5 to 9.5, or 7.0 to 9.0 proves expedient. For
instance, a buffered aqueous solution having a pH value of about 7.4 can expediently
be used. Suitable buffered aqueous solutions are known in the art. For instance, an

aqueous solution comprising 5mM NaH,PO,4 and 35mM NaCl can expediently be used.

By adding the aqueous solution to the AR mutein peptide is diluted. An amount of
aqueous solution added in the range of 5 to 50, 7 to 30, or 8 to 25 times the volume of
the resuspended A mutein peptide proves expedient. For instance, the amount of
aqueous solution to be added can expediently be about 10 times the volume of the
resuspended AR mutein peptide.

The concentration of amphipatic agent to be chosen depends on the agent used. If
SDS is used, a concentration in the range from 0.05 to 0.7% by weight, from 0.075 to
0.4% by weight, or from 0.1 to 0.3% by weight in the incubation mixture proves expedi-
ent. For instance, a buffered aqueous solution comprising about 0.2 % by weight of
SDS can expediently be used. If lauric acid or N-lauroylsarcosin is used, somewhat
higher concentrations are expedient, for example in a range from 0.1 to 1.0% by
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weight, from 0.25 to 0.75% by weight, or from 0.4 to 0.6% by weight. For instance, a
buffered aqueous solution comprising about 0.5 % by weight of lauric acid or N-
lauroylsarcosin can expediently be used. If polyoxyethylene sorbitan monooleate (e.g.
Tween® 80) is used, a concentration in the range from 0.05 to 1% by weight, from
0.075 to 0.5% by weight, or from 0.1 to 0.3% by weight in the incubation mixture proves

expedient.

Usually, the resuspended A3 mutein peptide and the buffered aqueous solution are

mixed, expediently under agitation, e.g. vortexing.

Before the mixture is incubated to complete oligomer formation, it may be expedient to

remove solids from the mixture.

Times of incubation for oligomer formation may range from a few minutes to a few
hours. 1 hour to 48 hours, 2 hours to 36 hours, or 5 hours to 24 hours are sufficient
when the temperature of incubation is from 15 to 50°C, from 18 to 45°C or from 20 to
40°C. For instance, oligomer formation is complete if the mixture is incubated for about
24 hours at about 37°C.

Expediently, the incubation is carried out in two steps, i.e. after a first period of incuba-
tion the preparation is diluted (e.g. with water) followed by a second period of incuba-

tion.

Times of incubation in the first period may range from a few minutes to a few hours. 1
hour to 24 hours, 2 hours to 12 hours, or 4 hours to 8 hours are sufficient when the
temperature of incubation is from 15 to 50°C, from 18 to 45°C or from 20 to 40°C. For

instance, the mixture is incubated for about 6 hours at about 37°C

Dilution of the incubation mixture can be effected in manner known per se. According
to a particular embodiment, dilution comprises adding water. Expediently, the incuba-
tion mixture is diluted about 2-fold to 20-fold, 3-fold to 15-fold, or 4-fold to 10-fold, e.g.
4-fold (1:3).

Times of incubation in the second period for completing oligomer formation may range
from a few minutes to a few hours. 1 hour to 36 hours, 2 hours to 24 hours, or 4 hours

to 18 hours are sufficient when the temperature of incubation is from 15 to 50°C, from
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18 to 45°C or from 20 to 40°C. For instance, oligomer formation is complete if the mix-

ture is incubated for about 18 hours at about 37°C.

Once oligomer formation is complete, it may be expedient to centrifuge the incubation
mixture and obtain the supernatant of centrifuged incubation mixture. For instance,

centrifugation for about 20 minutes at about 3,000xg proves expedient.

According to a particular embodiment, the supernatant of centrifuged incubation mix-

ture can then be frozen. For instance, the supernatant of centrifuged incubation mixture
can expediently be frozen at -30°C for 30 minutes. The frozen supernatant may then be
thawed and optionally the thawed supernatant is again centrifuged (e.g. for 10 minutes

at 10,000xg) and the supernatant of centrifuged mixture is obtained.

The oligomer preparation obtainable by this process may be used as such or subjected

to further work-up, e.g. in order to concentrate and/or purifiy the oligomers.

According to a particular embodiment, the process of the invention comprises a step of

concentrating the incubation mixture.

Concentrating the incubation mixture can be effected in manner known per se. Accord-
ing to a particular embodiment, concentrating is done by ultracentifugation. Ultracen-
tifugation is a method well-known in the art. Ultracentifugation comprising a 10 to 100,
a 20 to 80, or a 25 to 50 kDa cut-off proves expedient. For instance, the oligomers of
the invention can expediently be concentrated by ultracentifugation comprising an
about 30 kDa cut-off.

Ultracentrifugation reduces the volume of the incubation mixture while maintaining the
amount of oligomer that is present in the incubation mixture. Thus, it is expedient to
reduce the volume to 1 to 40 %, 2 to 35 %, or 4 to 33 %. For instance, the volume of
the incubation mixture can expediently be reduced by ultracentrifugation to about 32%,
10% or 5%.

According to a particular embodiment, the process of the invention comprises the step
of reducing the salt concentration of the incubation mixture or the concentrated incuba-

tion mixture.
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A reduction of the salt concentration (and of the amphipathic agent, the reduction of
which is particularly important for a use in active immunization) can be effected in
manner known per se. According to a particular embodiment, the salt concentration is
reduced by subjecting the incubation mixture or the concentrated incubation mixture to
dialysis. Dialysis is a method well-known in the art. For instance, dialysis of the incuba-
tion mixture or the concentrated incubation mixture can expediently be performed
against a solution comprising 5mM NaH,PO, and 35mM NaCl. The solution may also
comprise amphipatic agent in a suitable amount. During dialysis it may be expedient to
replace the solution by a fresh one.

Dialysis is perfomed until salt reduction is complete. For instance, about 2.5 hours at

about 22°C prove expedient.

It may further be expedient to centrifuge the dialysate and obtain the supernatant of
centrifuged dialysate. For instance, centrifugation for about 10 minutes at about

10,000xg proves expedient.

Thus, according to a particular embodiment, the invention relates to a process for pre-

paring an A mutein oligomer, which process comprises

(i)  dissolving monomeric AR mutein peptide in a hydrogen bond-breaking agent;

(i)  adding an amphipatic agent, mixing, and incubating;

(iii)  diluting and incubating; and

(iv) optionally one or more of the following. centrifuging, reducing salt and/or amphi-
pathic agent concentration by dialysis, concentrating by ultracentrifugation, and

(v) obtaining the supernatant.

According to a particular embodiment, the immunogenic product is a truncated AR

mutein oligomer.

Such truncated AB mutein oligomer are obtainable by a process for preparing AR
mutein oligomer, which process further comprise the step of (d) proteolytically cleaving
the oligomer. Preference is given to endopeptidases, e.g. with an enzyme selected
from the group consisting of: trypsin, chymotrypsin, thermolysin, elastase, papain and
endoproteinase GluC. Conditions suitable for proteolytically cleaving the oligomer are
described in, for instance, WO 2004/067561; WO 2006/094724; and WO 2007/064917,
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which are incorporated herein by reference. Particular truncated oligomers of the inven-

tion are those obtainable by the action of thermolysin.

The immunogenic product of the invention comprises an A amino acid sequence hav-
ing 62.5% or higher identity to the amino acid sequence AB(18-33) set forth in SEQ ID
NO:1. Accordingly, the immunogenic product described herein comprises an A amino
acid sequence having 62.6% or higher, 68.75% or higher, 75% or higher, 81.25% or
higher, 87.5% or higher, or 93.75 or higher identity to the amino acid sequence

V18F 19F 20A21E 22D 23V 24G25S 26N 27K 28 G 20A30131132G33 [SEQ ID NO:2; AB(18-33)].

The term “identity” refers to the relatedness of two sequences on a amino acid-by-
amino acid basis over a particular comparison window or segment. Thus, identity is
defined as the degree of sameness, correspondence or equivalence between two ami-
no acid sequences. “Percentage of sequence identity” is calculated by comparing two
optimally aligned sequences over a particular region, determining the number of posi-
tions at which the identical amino acid occurs in both sequences in order to yield the
number of matched positions, dividing the number of such positions by the total num-
ber of positions in the segment being compared and multiplying the result by 100. Op-
timal alignment of sequences may be conducted by the algorithm of Smith & Water-
man, Appl. Math. 2: 482, 1981, by the algorithm of Needleman & Wunsch, J. Mol. Biol.
48: 443, 1970, by the method of Pearson & Lipman, Proc. Natl. Acad. Sci. (USA) 85:
2444, 1988, and by computer programs which implement the relevant algorithms (e.g.,
Clustal Macaw Pileup (http://cmgm.stanford.edu/biochem218/11Multiple.pdf; Higgins et
al., CABIOS. 5L151-153, 1989), FASTDB (Intelligenetics), BLAST (National Center for
Biomedical Information; Altschul et al., Nucleic Acids Research 25: 3389-3402, 1997),
PILEUP (Genetics Computer Group, Madison, W1) or GAP, BESTFIT, FASTA and
TFASTA (Wisconsin Genetics Software Package Release 7.0, Genetics Computer
Group, Madison, WI)).

According to one embodiment of the invention, the amino acid sequence comprised by
the immunogenic product of the invention is characterized by a particular secondary
structure comprising a loop (synonym: turn). A loop (or turn) as used herein is meant to
define the close approach (usually < 7 A) of at least two Ca atoms.

Suitable loops include a-, 3-, y-, and 1-loops. According to one embodiment of the in-

vention, the loop is a B-loop. A B-loop as used herein is meant to define a loop which is
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characterized by hydrogen bond(s) in which the donor and acceptor residues are sepa-

rated by three residues (i — i +/- 3 H-bonding).

According to a particular embodiment of the invention, the loop is a B-hairpin loop. A 3-
hairpin loop as used herein is meant to define a loop, in which the direction of the pep-

tide backbone reverses and the flanking secondary structure elements interact.

According to a particular embodiment of the invention, the loop, which may preferably
be a B-hairpin loop, comprises a sequence selected from V,,G25S26N27 [SEQ ID NO:10;
AB(24-27)] and D3V24G25S26N27K28 [SEQ ID NO:11; AB(23-28)].

In particular, the amino acid sequence of the immunogenic product described herein
forms an intramolecular antiparallel B-sheet. An antiparallel 3-sheet as used herein is
meant to define an assembly of at least two 3-strands connected laterally by three or
more hydrogen bonds, forming a generally twisted, pleated sheet. A B-strand is a
stretch of amino acids comprising typically 3—10 amino acids whose peptide backbones

are almost fully extended.

In a related aspect of the invention, the immunogenic product described herein com-
prises an amino acid sequence in which the (3-strands forming the antiparallel 3-sheet

are connected via the loop, preferably the B-hairpin loop defined herein.

According to a particular embodiment of said aspect, the amino acid sequence portions
of the product corresponding to F1gF2A21 [SEQ ID NO:8; AB(19-21)] and Agls1ls2 [SEQ
ID NO:9; AB(30-32)] are in anti-parallel orientation.

The oligomers of mutein AR peptides may be further characterized by particular interac-

tions between two or more mutein A peptides.

In one aspect of the invention, the immunogenic product described herein comprises
an AB amino acid sequence having 72% or higher, 77% or higher, 81% or higher, 86%
or higher, 90% or higher, or 95% or higher identity to the amino acid sequence identity
to the amino acid sequence

V18F 10F 20A21E22D23V24 G 25S 26N 27K 28G 20A30131132G 331 34 M35V 36 G37G3sV3e [SEQ ID NO:3;
AB(18-39)].
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In a related aspect of the invention, said immunogenic product comprises a first amino
acid sequence L*3M" 354G 5,G" 3¢ [SEQ ID NO:5; AB(34-38)] that is in parallel orien-
tation to a second amino acid sequence [.%34M®15V22G®:,GP3s (SEQ ID NO: 5). In this
case, the interproton distance for at least one atom pair selected from the group con-
sisting of MP35(NH)-VB36(NH), G57(NH)-G55(NH), LA3a(NH)-L234(C5Ha), MA3s(NH)-
VE36(CyH3) may be 1.8 to 6.5 Angstroms,

In a further related aspect of the invention, said immunogenic product comprises a first
amino acid sequence G 3L M35V 3G 37 G sV 16 [SEQ ID NO:6; AB(33-38)] that is in
parallel orientation to a second amino acid sequence G2l 1aMPusVP36GP5 G5V,
(SEQ ID NOQ: 8). In this case, the interproton distance for at least one atom pair select-
ed from the group consisting of G*s(NH)-G®(NH), M"35(NH)-V®35(NH), G"37(NH)-
G®5(NH), LA34(NH)-L234(CoHs), M s5(NH)-V255(CyHa), G35(NH)-V36(CyHs) and
VA56{NH)-VE35(CyH3) may be 1.8 to 6.5 Angstroms.

In a further related aspect of the invention, said immunogenic product comprises an
inter-molecular parallel B-sheet between two AR amino acid sequences. In a particular
aspect of the invention, said inter-molecular parallel B-sheet comprises a first amino
acid sequence G35l iM% sV 366" 57G 35V 55 [SEQ ID NO:7; AB(33-39)] and a second
amino acid sequence GBasl 3aMB35V856G 7G55V (SEQ ID NO: 7). In this cases, the
atom pairs G*35(CO)-LB34(N), L2:4(CO)-M?35(N), M"35(CO)-V55(N), V236(CO)-G5(N),
and GP37(CO)-G";5(N) may be at a distance of 3.3+ 0.5 A, wherein CO indicates the
backbone oxygen atom, and the phi (¢} angles of the residues range from ~180 to =30
and psi () angles of the residues range from approximately 60 to 180 or from approx-
imately —180 to —150.

Interproton distances defining the structure of the antiparailel B-sheet can be deter-
mined by the intra-molecular nuclear Overhauser effects (NOEs) between the back-
bone amides and between the backbone amides and side chains.

Interproton distances defining the structure of the parallel B-sheet can be determined

by inter-molecular NOEs between backbone NH-NH and between backbone NH and
methyl groups of the side chains,

RECTIFIED SHEET (RULE 91) ISA/EP
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The intra- vs. inter-molecular NOEs can be distinguished using different isotope-
labeled samples, as described, for instance in WO2007/064917, in particular Example
V, part G, NMR Features, which is incorporated herein by reference.

Using the NOE-derived distance restraints from the analysis of the NMR data, struc-
tures can be calculated, e.g. using the program CNX [A.T. Brunger, et al., Acta Crystal-
logr. D54 (Pt 5), 905-21, (1998)] by using a simulated annealing protocol [M. Nilges, et
al., FEBS Lett. 229, 317-324, (1988)], thereby providing further intra-molecular and/or
inter-molecular distances between two atoms.

In one aspect of the invention, the immunogenic product described herein comprises
an AR amino acid sequence having 62.5% or higher, 64% or higher, 67% or higher,
71% or higher, 75% or higher, 78% or higher, 82% or higher, 85% or higher, 8% or
higher, 92% or higher, or 96% or higher identity to a portion (X-Y) of amino acid se-
quence

VazH1sH14Q15K 6L 17V 58P 19F 20A21 E 22D 25V 24G25S 26N27K28G26A30 131 122G 25L24Mas Vas G a7 Gas Vo
[SEQ ID NO:4; AB(12-39)],

X being selected from the group consisting of the numbers 12 .. 18 and Y being select-
ed from the group consisting of the numbers 33 .. 39.

In a related aspect of the invention, at least 2 non-contiguous residues of said amino
acid sequence are covalently linked with each other, e.g. via a direct covalent bond or
via a linker. [n particular, at least one of the amino acid residues corresponding to Viz,
Hia, Hia, Qus, Kis, Li7, Via, Frg, Fao, A1 Eaz OF Dag of [residues 2-12 of SEQ ID NQO:4;
AB(12-39)] and at least one of the amino acid residues corresponding to Kszs, Gag, Aszo,
a1, lao, Gas, Las, Mas, Vas, Gs7, Gas, Ve Of [residues 17-28 of SEQ 1D NO:4; AB(12-39)]
are covalently linked with each other.

A covalent linkage between two amino acid residues may be established by a variety of
means well known in the art, for instance by disulfide bridge formation or cross-linking
techniques. In particular, the side chains of amino acid residues may be linked with
each other. Especially side chains with a functional group, e.g., a thiol, amino, carboxyl
or hydroxy! group, may linked with each other directly, such as two cysteine residues
which form a disulfide bridge, or indirectly via a linker. Accordingly, the amino acid resi-
due that is covalently linked to the other amino acid residues may in particular be that

RECTIFIED SHEET (RULE 91) ISA/EP
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of an amino acid residue selected from the group consisting of cysteine, lysine, aspartic

acid and glutamic acid.

The crosslinking of proteins has a long and exhaustive history, with large amounts of
literature precedent. Any methodology known to those familiar with the art that allows
for specific covalent cross-links to be made between natural or non-natural amino acid
side chains can be used to form the position specific cross-links envisioned in this in-

vention. Some examples of this methodology are listed below.

There are a large number of chemical cross-linking agents that are known to those
skilled in the art. For the present invention, the preferred cross-linking agents include
homobifunctional and heterobifunctional cross-linkers, with heterobifunctional cross-

linkers being preferred due to their suitability to link amino acids in a stepwise manner.

Also, heterobifunctional cross-linkers provide the ability to establish more specific link-

ages, thereby reducing the occurrences of unwanted side reactions.

A wide variety of heterobifunctional cross-linkers are known in the art.

These include heterobifunctional cross-linkers for forming linkages between two amino
(-NH) groups, one amino and one thiol (or sufhydryl, i.e., -SH) group, or two thiol

groups.

One reactive group useful as part of a heterobifunctional cross-linker is an amine-
reactive group. Common amine-reactive groups include N-hydroxysuccinimide (NHS)
esters. NHS esters react specifically with free amines (e.g., lysine residues) in minutes,
under slightly acidic to neutral (pH 6.5-7. 5) conditions.

It is noted that the cross-linking agents having N-hydroxysuccinimide moieties can also
be used in the form of their N-hydroxysulfosuccinimide analogs, which generally have
greater water solubility.

Another reactive group useful as part of a heterobifunctional cross-linker is a thiol reac-
tive group. Common thiol reactive groups include maleimides, halogens, and pyridyl
disulfides. Maleimides react specifically with free thiol groups (e.g., in cysteine resi-

dues) in minutes, preferably under slightly acidic to neutral (pH 6.5-7. 5) conditions.
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Halogens (iodoacetyl functions) react with -SH groups at physiological pH's. Both of

these reactive groups result in the formation of stable thioether bonds.

For instance, succinimidyl-4-(N-maleimidomethyl)-cyclohexane-1-carboxylate (SMCC)
or sulfo-SMCC can be used to form a cross-link between the amine of, e.g., a Lys side
chain and the free -SH of, e.g., a Cys side chain. The amine-reactive N-
hydroxysuccinimide (NHS) ester will react with an amino group (e.g., that of a Lys resi-
due) to form a stable amide bond. The resulting maleimide-activated peptide will then
react with a sulfhydryl group of the same peptide (e.g., that of a Cys residue) to form a
disulfide bond, thereby establishing the covalent linkage. This chemistry is well de-
scribed in the literature; see for instance: Uto, I., et al. (1991). J. Immunol. Methods
138, 87-94; Bieniarz, C., et al. (1996). Extended Length Heterobifunctional Coupling
Agents for Protein Conjugations. Bioconjug. Chem. 7, 88-95; Chrisey, L.A., et al.
(1996). Nucleic Acids Res. 24(15), 3031-3039; Kuijpers, W.H., et al. (1993). Bioconjug.
Chem. 4(1), 94-102; Brinkley, M.A. (1992). A survey of methods for preparing protein
conjugates with dyes, haptens and crosslinking reagents. Bioconjugate Chem. 3, 2-13;
Hashida, S., et al. (1984). More useful maleimide compounds for the conjugation of
Fab to horseradish peroxidase through thiol groups in the hinge. J. Appl. Biochem. 6,
56-63; Mattson, G., et al. (1993). A practical approach to crosslinking. Molecular Biolo-
gy Reports 17, 167-183; Partis, M.D., et al. (1983). Crosslinking of proteins by omega-
maleimido alkanoyl N-hydroxysuccinimide esters. J. Protein. Chem. 2, 263-277; Sa-
moszuk, M.K., et al. (1989). A peroxide-generating immunoconjugate directed to eo-
sinophil peroxidase is cytotoxic to Hodgkin’s disease cells in vitro. Antibody, Immuno-
conjugates and Radiopharmaceuticals 2, 37-45; Yoshitake, S., et al. (1982). Mild and
efficient conjugation of rabbit Fab and horseradish peroxidase using a maleimide com-

pound and its use for enzyme immunoassay. J. Biochem. 92, 1413-1424.

Further heterobifunctional cross-linkers can be used in a similar fashion, e.g., ([N-¢-
maleimidocaproyloxy]succinimide ester, N-[y-maleimidobutyryloxy]succinimide ester,
N-[k-maleimidoundecanoyloxy]sulfosuccinimide ester, m-maleimidobenzoyl-N-

hydroxysuccinimide ester (MBS), or their sulfosuccinimide analogs (e.g. sulfo-MBS).

A further example of a heterobifunctional cross-linker that can be used to form a cross-
link between the amine of, e.g., a Lys side chain and the free -SH of, e.g., a Cys side
chain, is succinimidyl-6-[(3-(2-pyridyldithio)-propionate]-hexanoate (LC-SPDP) or sulfo-
LC-SPDP. The amine-reactive N-hydroxysuccinimide (NHS) ester will react with an
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amino group (e.g., that of a Lys residue) to form a stable amide bond. The resulting
peptide has a pyridyldisulfide group that will then react with a sulfhydryl group of the
same peptide (e.g., that of a Cys residue) to form a disulfide bond, thereby establishing
the covalent linkage. This chemistry is well described in the literature; see for instance:
Carlsson, J., et al. (1978) Biochem. J. 173, 723-737; Stan, R.V. (2004) Am. J. Physiol.
Heart Circ. Physiol. 286, H1347-H1353; Mader, C., et al. (2004) J. Bacteriol. 186,
1758-1768.

Further heterobifunctional cross-linkers can be used in a similar fashion, e.g., 4-
succinimidyloxycarbonyl-a-methyl-a-(2-pyridyldithio)-toluene (SMPT) or sulfo-SMPT, N-
succinimidyl-3- (2-pyridyldithio)-propionate (SPDP) or sulfo-SPDP.

A further example of a heterobifunctional cross-linker that can be used to form a cross-
link between the amine of, e.g., a Lys side chain and the free -SH of, e.g., a Cys side
chain is N-succinimidyl-S-acetylthioacetate (SATA) or sulfo-SATA. The amine-reactive
N-hydroxysuccinimide (NHS) ester will react with an amino group (e.g., that of a Lys
residue) to form a stable amide bond. The protected -SH group of the resulting peptide
will then be deprotected by treatment with hydroxylamine, and the resulating free -SH
will then react with a sulfhydryl group of the same peptide (e.g., that of a Cys residue)

to form a disulfide bond, thereby establishing the covalent linkage.

Further heterobifunctional cross-linkers can be used in a similar fashion, e.g., N-

succinimidyl-S-acetylthiopropionate or its sulfosuccinimide analog.

Further suitable heterobifunctional cross-linkers include N-succinimidyl-(4-iodoacetyl)-

aminobenzoate (SIAB) or sulfo-SIAB.

Specific, stepwise cross-linkages can also be formed between amino (-NH;) and car-
boxy (-COOH) groups.

For instance, 1-ethyl-3-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) can
be used to form a cross-link between the amine of, e.g., a Lys side chain and the free -
COOH of an acidic side chain. The carboxy-reactive carbodiimide will react with an
carboxy group (e.g., that of an Asp, Glu, Dab (2,4-diaminobutyric acid), Dap (2,4-
diaminopropionic acid), or ornithine residue) to form an unstable o-acylisourea ester.

The reactive o-acylisourea ester will then react with an amino group of the same pep-
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tide (e.g., that of a Lys residue) to form an amide bond, thereby establishing the cova-
lent linkage. Alternatively, the reactive o-acylisourea ester may be reacted with N-
hydroxysuccinimide, N-hydroxysulfosuccinimide or sulfo-N-hydroxysulfosuccinimide to
give the semi-stable amine-reactive NHS ester which will then react with an amino
group of the same peptide (e.g., that of a Lys residue) to form an amide bond, thereby
establishing the covalent linkage. This chemistry is well described in the literature; see
for instance: DeSilva, N.S. (2003) Interactions of Surfactant Protein D with Fatty Acids.
Am. J. Respir. Cell Mol. Biol. 29, 757-770; Grabarek, Z. and Gergely, J. (1990) Zero-
length crosslinking procedure with the use of active esters. Anal. Biochem. 185, 131-
135; Sinz, A. (2003). J. Mass Spectrom. 38, 1225-1237. Staros, J.V., Wright, R.W. and
Swingle, D.M. (1986) Enhancement by N-hydroxysulfosuccinimide of water-soluble
carbodiimide-mediated coupling reactions. Anal. Biochem. 156, 220-222; Taniuchi, M.,
et al. (1986). Induction of nerve growth factor receptor in Schwann cells after axotomy.
Proc. Natl. Acad. Sci. USA83, 4094-4098.

Heterobifunctional cross-linkers also include the reaction of Lys(N3) and propargyl gly-
cine amino acids. This reaction can be performed in solution or on resin (as described,
for instance, in Jiang, S., (2008) Curr. Org. Chem. 12, 1502-1542 and references there-

in).

A particular class of cross-linkers, in particular heterobifunctional cross-linkers, includes

photoreactive cross-linkers.

For instance, (SDA) can be used to form a cross-link between the amine of, e.g., a Lys
side chain and the amine of, e.g., another Lys side chain. The amine-reactive N-
hydroxysuccinimide (NHS) ester will react with an amino group (e.g., that of a Lys resi-
due) to form a stable amide bond. The resulting peptide has a photo-labile diazirine
moiety that, upon exposure to UV light, will react with an amino group (e.g., that of a
Lys residue) of the same peptide to form a stable bond, thereby establishing the cova-
lent linkage.

Further suitable photoreactive cross-linkers include bis-[3-(4-azidosalicylamido)-ethyl]-
disulfide (BASED) and N-succinimidyl-6-(4'-azido-2'-nitrophenyl-amino)-hexanoate
(SANPARH).
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In addition to the heterobifunctional cross-linkers, there exist a number of other cross-

linking agents including homobifunctional cross-linkers.

These include homobifunctional cross-linkers for forming linkages between two amino

(-NH,) groups.

For instance, disuccinimidyl suberate (DSS) can be used to form a cross-link between

the amine of, e.g., a Lys side chain and the amine of, e.g., another Lys side chain. The
amine-reactive N-hydroxysuccinimide (NHS) ester will react with an amino group (e.g.,
that of a Lys residue) to form a stable amide bond. The resulting peptide will then react
with another amine group of the same peptide (e.qg., that of a Lys residue) to form a

further stable amide bond, thereby establishing the covalent linkage.

Further suitable homobifunctional cross-linkers include bismaleimidohexane (BMH) and
dimethylpimelimidate (DMP).

Further suitable homobifunctional cross-linkers include a methylenedithioether linkage
between two cysteines. The reaction of the peptide with TBAF (tetrabutylammonium
fluoride) can be performed on resin containing the partially deprotected peptide fol-
lowed by cleavage (see, for instance, Ueki et al., (1999) Bioorg. Med. Chem. Lett., 9,
1767-1772, and Ueki et al. in Peptide Science, 1999, 539-541).

Further suitable homobifunctional cross-linking systems include ring closing metathesis
reactions between allylglycines (see, for instance, Wels, B. et al., (2005) Bioorg. Med.
Chem. 13, 4221-4227) or modified amino acids, e.g. (S)-Fmoc-a(2’pentenyl)alanine
(see, for instance, Walensky, L.D., et al., (2004) Science 305, 1466-1470; Schafmeis-
ter, C.E., et al., (2000) J. Am. Chem. Soc. 122, 5891-5892; Qiu, W., et al., (2000) Tet-
rahedron 56, 2577-2582; Belokon, Y.N., et al., (1998) Tetrahedron: Asymmetry, 9,
4249-4252); Qiu W., (2008) Anaspec poster at 20th American Peptide Society Annual
Meeting). These reactions can be performed in solution on the protected peptide frag-

ment or on the resin, respectively.

Homo- and heterobifunctional cross-linker may comprise a spacer arm or bridge. The
bridge is the structure that connects the two reactive ends. The most apparent attribute
of the bridge is its effect on steric hindrance. In some instances, a longer bridge can

more easily span the distance necessary to link two amino acid residues.
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While one covalent linkage between 2 non-contiguous amino acid residues may pro-
vide sufficient stabilization, the immunogenic products of the invention may comprise

more than one covalent linkage.

The conditions that allow the linkage to form will, of course, depend on the type of link-
age to form and can easily be determined by the skilled artisan. Reference is made to

to description of linkages and their chemistry provided herein.

Oligomer and linkage formation can be independently used to ensure that the immuno-
genic products of the invention have the desired secondary structure. Thus, the present
invention provides A mutein oligomers with such linkages and monomeric A mutein

peptides having such linkages.

Further, oligomer and linkage formation can be used to ensure that the immunogenic
product of the invention has the desired secondary structure. For, instance linkage for-
mation may help to promote proper oligomer formation and vice versa.

In principle, oligomer formation may precede linkage formation. This is advantageous if
the pre-formed oligomer directs or promots the linkages to be formed. Alternatively,
linkage formation may precede oligomer formation. This is advantageous if pre-formed
linkages direct or promote oligomer formation. Oligomer formation and linkage for-

mation may also take place concomitantly.

Both the AR mutein peptide and the oligomer may be prepared using a peptide which
differs from the amino aicd sequence comprised by the final immunogenic product. For
instance, the starting peptide may comprise additional amino acids at its C- and/or N-

terminus which will then be removed during the synthesis, e.g., by proteolytic cleavage.

In one embodiment of the invention, oligomers are formed with a peptide and subse-

quently stabilized by one or more intra-peptide covalent bond(s).

In another embodiment of the invention, oligomers are formed with a peptide, stabilized
by one or more intra-peptide covalent bond(s), and subsequently processed by chemi-
cal or enzymatic means to a truncated form that better displays the relevant structural

elements. Alternatively, oligomers are formed with a peptide, processed by chemical or
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enzymatic means to a truncated form that better displays relevant structural elements,

and subsequently stabilized by one or more intra-peptide covalent bond(s).

In still another embodiment of the invention, a peptide is used to form the relevant
structural elements, wherein the peptide would be held in the proper conformation by
one or more intra-peptide covalent bond(s), rather than by interaction with adjacent
peptides in an oligomer. It is envisioned that these immunogenic products, stabilized
with the appropriate intra-peptide covalent bond(s), will present the relevant structural

elements as a monomer.

The term “Af3 mutein” as used herein refers to a variant AR polypeptide that differs from
human amyloid beta (AB) protein by one or more one amino acid substitutions. In par-
ticular, an AB mutein is an A differing from the polypeptide having the amino acid se-
quence set forth in SEQ ID NO:1 by one, two, three, four, five, six, or more point muta-
tions. Said point mutations are preferably located at hot spots within AB(18-33), AB(18-
25), AB(19-24) and most preferably within AB(20-22).

Exemplary amino acid substitutions that may be present in AB amino acid sequences

comprised by the immunogenic products described herein are summarized in Table 1.

Table 1: Exemplary amino acid substitutions present in A amino acid sequences ac-
cording to the invention. Amino acid substitutions that are preferred at the respective

hot spot are indicated in bold.

Amino acid substitution hot spot (indicated as )
) ) ) substituted by
corresponding amino acid of SEQ ID NO:1)

HRKDECNSTQPFY,

V18
w
H,RK,D,E,C,N,§,T,Q,AG,P,
F19
V,L,M, I
H,RK,D,E,C,N,S, T,Q,P, AG,
F20
V,L,M, I
A21 HRKG,P,DEFYW

E22 V,LLM,,F, Y, WA C,N,S, T,P,Q




WO 2016/005328 PCT/EP2015/065362

37

HRKVLMLFYWPCN,
D23

S, T,Q

HRKDECNSTQPFY,
V24

w
G25 HRKVLMLFYWPDE
S26 HRKPDEFYW
N27 HRKVLMLFYWPD,E

D,E,AG V,L,MLFYWPC,
K28

N,S, T,Q

HRKDECNSTQVLMI,
G29

F,Y,W,P

H,R K DECN,STQG,V,L,
A30

MILFY WP
131 H,RKDECNSTQPFY,

w

H,RK,D,E,C,N, S, T,Q,P,F,Y,
132

W

HRKDECNSTQVLMI,
G33

F,Y,W,P

In one aspect of the invention, the AR amino acid sequence comprised by the immuno-
genic product described herein is a variant of AB(18-33) that differs from the amino acid
sequence set forth in SEQ ID NO:2 by one, two, three, four, five or six amino acids be-
ing substituted by other amino acids. Said amino acid substitutions may be selected
from the point mutations set forth in Table 1. For example, where the AB amino acid
sequence comprised by the immunogenic product described herein differs from the
amino acid sequence of SEQ ID NO:2 by having two amino acid substitutions, one or
both of these amino acid substitutions may be selected from the point mutations set
forth in Table 1. Said two amino acid substitutions are preferably at hot spots corre-
sponding to amino acid positions E22/G25, F20/E22, F20/131, A21/E22, A21/D23 and
E22/S26 of SEQ ID NO:2, in particular at hot spots corresponding to amino acid posi-
tions E22/G25 and F20/E22. Where the A amino acid sequence comprised by the
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immunogenic product described herein differs from the amino acid sequence of SEQ
ID NO:2 by having three, four, five or six amino acid substitutions, one, more than one,
or all of these amino acid substitutions may be selected from the point mutations set
forth in Table 1.

In particular embodiments of the invention, the AR amino acid sequence comprised by
the immunogenic product described herein differs from the amino acid sequence of
SEQ ID NO:2 by having one amino acid substitution selected from E22A and E22V.

In further particular embodiments of the invention, the AR amino acid sequence com-
prised by the immunogenic product described herein differs from the amino acid se-
quence of SEQ ID NO:2 by having two amino acid substitutions selected from the dou-
ble mutations F20G/E22A and E22A/G25A.

In a related aspect of the invention, the A amino acid sequence comprised by the im-
munogenic product described herein differs from the amino acid sequence
V18F19F20A21E22D23V24625826N27K28G29A30|31|32633 (SEQ ID NOZ: AB(18-33)]),

by one, two, three, four, five or six amino acids being substituted by different amino

acids. Examples said amino acid sequences comprise amino acid sequences, wherein

the amino acid corresponding to Vs is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, phenylalanine, tyrosine, and tryptophan;

the amino acid corresponding to Fq is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, alanine, glycine, proline, valine, leucine, methionine, and isoleucine;

the amino acid corresponding to Fy is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, alanine, glycine, valine, leucine, methionine, and isoleucine;

the amino acid corresponding to A, is selected from the group consisting of histidine,
arginine, lysine, glycine, proline, aspartic acid, glutamic acid, phenylalanine, tyrosine,
and tryptophan;



WO 2016/005328 PCT/EP2015/065362
39

the amino acid corresponding to E,; is selected from the group consisting of valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, alanine, cysteine,

asparagine, serine, threonine, proline, and glutamine;

the amino acid corresponding to Dy; is selected from the group consisting of histidine,
arginine, lysine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, trypto-

phan, proline, cysteine, asparagine, serine, threonine, and glutamine;

the amino acid corresponding to Vo is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, phenylalanine, tyrosine, and tryptophan;

the amino acid corresponding to Gys is selected from the group consisting of histidine,
arginine, lysine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, trypto-

phan, proline, aspartic acid, and glutamic acid;

the amino acid corresponding to Sy is selected from the group consisting of histidine,
arginine, lysine, proline, aspartic acid, glutamic acid, phenylalanine, tyrosine, trypto-
phan;

the amino acid corresponding to Ny; is selected from the group consisting of histidine,
arginine, lysine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, trypto-

phan, proline, aspartic acid, and glutamic acid;

the amino acid corresponding to Ky is selected from the group consisting of aspartic
acid, glutamic acid, alanine, glycine, valine, leucine, methionine, isoleucine, phenylala-
nine, tyrosine, tryptophan, proline, cysteine, asparagine, serine, threonine, and gluta-

mine;

the amino acid corresponding to Gy is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,
glutamine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan,
and proline;

the amino acid corresponding to As is selected from the group consisting of histidine,

arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,
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glutamine, glycine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine,

tryptophan, and proline;

the amino acid corresponding to |34 is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, phenylalanine, tyrosine, and tryptophan;

the amino acid corresponding to ls; is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, phenylalanine, tyrosine, and tryptophan;

the amino acid corresponding to Gass is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,
glutamine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan,
and proline;

the amino acid corresponding to F, is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,
glutamine, proline, alanine, glycine, valine, leucine, methionine, and isoleucine; and the
amino acid corresponding to E,; is selected from the group consisting of alanine, va-
line, proline, phenylalanine, methionine, isoleucine, tryptophan, cysteine, asparagine,

serine, threonine, tyrosine, and leucine;

the amino acid corresponding to Fy is glycine, and the amino acid corresponding to E»,

is alanine;

the amino acid corresponding to Fy is selected from the group consisting of histidine,
arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, alanine, glycine, valine, leucine, methionine, and isoleucine; and

the amino acid corresponding to I3¢ is selected from the group consisting of histidine,

arginine, lysine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine,

glutamine, proline, phenylalanine, tyrosine, and tryptophan;

the amino acid corresponding to A, is selected from the group consisting of histidine,
arginine, lysine, glycine, proline, aspartic acid, glutamic acid, phenylalanine, tyrosine,

and tryptophan; and the amino acid corresponding to E», is selected from the group
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consisting of alanine, valine, proline, phenylalanine, methionine, isoleucine, tryptophan,

cysteine, asparagine, serine, threonine, tyrosine, and leucine;

the amino acid corresponding to Ay is selected from the group consisting of histidine,
arginine, lysine, glycine, proline, aspartic acid, glutamic acid, phenylalanine, tyrosine,
and tryptophan; and the amino acid corresponding to Do is selected from the group
consisting of histidine, arginine, lysine, valine, leucine, methionine, isoleucine, phenyl-
alanine, tyrosine, tryptophan, proline, cysteine, asparagine, serine, threonine, and glu-

tamine;

the amino acid corresponding to E,, is selected from the group consisting of valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, alanine, cysteine,
asparagine, serine, threonine, proline, and glutamine; and the amino acid correspond-
ing to Gys is selected from the group consisting of histidine, arginine, lysine, valine, leu-
cine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, proline, aspartic acid,

and glutamic acid; or

the amino acid corresponding to Ey, is selected from the group consisting of valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, alanine, cysteine,
asparagine, serine, threonine, proline, and glutamine; and the amino acid correspond-
ing to Sy is selected from the group consisting of histidine, arginine, lysine, proline,

aspartic acid, glutamic acid, phenylalanine, tyrosine, tryptophan.

More specifically, the immunogenic products of the invention comprise an amyloid 3
(AB) amino acid sequence which is identical to a portion (X-Y) of an amino acid se-
quence selected from the group consisting of:

D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Qu5K16L17V 18A19F 20A21E22D23V 24 G25S 26N 27K 28
G20A30131132G33L34M35V36G37G38VaoVaola1As2Tas [SEQ ID NO:13; AB(1-43)F19A];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Qu15K16L17V 18F 10A20A21E20D23V 24 G25S 26N 27K 28
G20A30131132G33L34M35V36G37G38VaoVaola1As2 T4z [SEQ ID NO:14; AB(1-43)F20A];
D1A2E3F4RsHsD7S8G oY 10E11V12H13H14Q15K16L17V 18F 10F 20A21A22D 23V 24 G258 26 N27Kos
G20A30131132G33L34M35V36G37G38Va0Vaola1As2Tas [SEQ ID NO:15; AB(1-43)E22A];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q15K 16117V 18F 10F 20A21F 20D 23V 24 G258 26N27 K 28
G20A30131132G33L34M35V36G37G38VaoVaola1As2Tas [SEQ ID NO:16; AB(1-43)E22F];
D1A2E3F4RsHsD7S8G0oY 10E11V12H13H14Q15K16L17V18F 10F 20A21V22D 23V 24 G258 26 N27Kos
G20A30131132G33L34M35V36G37G38Va0Vaola1As2Tas [SEQ ID NO:17; AB(1-43)E22V];
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D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 19F 20A21L 22D 23V 24 G 25S 26N 27K 28
G20A30l31132G33L34M35V36G37G38V30VaolarAg2 Tas [SEQ ID NO:18; AB(1-43)E22L];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q1sK16L 17V 18F 10F 20A21E 22K23V 24 G 258 26N27K 28
G20A30l31132G33L34M35V36G37G38VaeVaola1Asa Ta3 [SEQ ID NO:19; AR(1-43)D23K];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusKi6L 17V 18F 19F 20A21E 22L 23V 24 G258 26N27Ks
G20A30l31132G33L34M35V36G37G38VaeVaola1Asz Ta3 [SEQ ID NO:20; AR(1-43)D23L];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 19F 20A21E 22D 23V 24V 25S 26N 27K 28
G20A30l31132G33L34M35V36G37G38VaeVaolarAsz Tas [SEQ ID NO:21; AR(1-43)G25V];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14QusK16L 17V 18F 10F 20A21E 22D 23V 24 G25S 26N 27K 28
G20G30l31132G33L34M35V36G37G38V30Vao0la1A42T43 [SEQ ID NO:22; AB(1-43)A30G];
D1A2E3sF4RsHeD788GoY 10E11V12H13H14Q1sK16L17V 18F 196G 20A21A22D 23V 24G 255 26N27K 28
G20A30l31132G33L34M35V36G37G38VaeVaola1As Tas [SEQ ID NO:23; AR(1-43)F20G E22A];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q1sK16L17V 18F 16A20A21E 22D23V 24 G 25S 26N 27K 28
G20A30A31132G33L34M35V36G37G3sVaeVaola1Asa T43 [SEQ ID NO:24; AR(1-43)F20A 131A];
D1A2E3sF4RsHeD788GoY 10E11V12H13H14Q15K16L17V 18F19C20A21E 22D23V 24 G258 26N 27Ks
G20A30C31132G33L34M35V36G37GasVagVaola1Asr Tz [SEQ ID NO:25; AB(1-43)F20C I131CJ;
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 10F 20Q21L 22D 23V 24 G258 26N 27K 28
G20A30l31132G33L34M35V36G37G38V3eVaolarAs2 Ta3 [SEQ ID NO:26; AB(1-43)A21Q E22L];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusKi16L 17V 18F 19F 20L.21Q22D 23V 24 G258 26N 27K 28
G20A30l31132G33L34M35V36G37G38VaeVaolarAs2 Tas [SEQ ID NO:27; AB(1-43)A21L E22Q];
D1A2E3F4RsHeD788GoY 10E11V12H13H14Q15K16L 17V 18F 10F 20Q21E22N23V24 G258 26N 27Ks
G20A30l31132G33L34M35V36G37G38V30VaolarAs2 Tas [SEQ ID NO:28; AB(1-43)A21Q D23N];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14QusK16L 17V 18F 19F 20A21A22D 23V 24A25S 26N 27K 28
G20A30l31132G33L34M35V36G37G38VaeVaola1Asz T43 [SEQ ID NO:29; AR(1-43)E22A G25A];
and

D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Q15K16L17V 18F 10F 20A21A22D 23V 24 G 25A26 N 27Ks
G20A30l31132G33L34M35V36G37G35VaeVaola1Ag2 Tas [SEQ ID NO:30; AB(1-43)E22A S26A],

wherein X is selected from the group consisting of the numbers 1 .. 18,4 .. 18,12 .. 18
or 18 and Y is selected from the group consisting of the numbers 33 .. 43, 33 .. 42, 33 ..
41, or 33 .. 40 . In particular embodiment, (X-Y) is selected from the group consisting of
(1-42), (4-42), (12-42), or (18- 42).

The immunogenic products of the invention are, in particular, oligomers which comprise

a plurality of a particular amyloid B (AB) amino acid sequence as defined above.
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The present invention also relates to purified immunogenic products of the invention.
According to one embodiment of the present invention, a purified immunogenic product
is one which has a purity of more than 80 % by weight of total AR peptide, preferably of
more than 90 % by weight of total AB peptide, preferably of more than 95 % by weight
of total A peptide.

It may be expedient that the immunogenic products of the invention comprise, in addi-
tion to the amyloid 3-derived amino acid sequence, one or more further moieties. For
instance, diagnostic applications may require labelling the immunogenic products. Also,
in active immunization it may be of advantage to attach moieties which prove expedient

in active immunization applications.

Thus, the present invention also relates to immunogenic products, as defined herein,
which comprise a covalently linked group that facilitates detection, preferably a fluoro-
phore, e. g. fluorescein isothiocyanate, phycoerythrin, Alexa-488, Aequorea victoria
fluorescent protein, Dictyosoma fluorescent protein or any combination or fluores-
cence-active derivative thereof; a chromophore; a chemoluminophore, e. g. luciferase,
preferably Photinus pyralis luciferase, Vibrio fischeri luciferase, or any combination or
chemoluminescence-active derivative thereof; an enzymatically active group, e. g. pe-
roxidase, e. g. horseradish peroxidase, or any enzymatically active derivative thereof;
an electron-dense group, e. g. a heavy metal containing group, e.g. a gold containing
group; a hapten, e. g. a phenol derived hapten; a strongly antigenic structure, e. g. pep-
tide sequence predicted to be antigenic, e. g. predicted to be antigenic by the algorithm
of Kolaskar and Tongaonkar; a molecule which helps elicit an immune response to the
immunogenic products, e.g., serum albumin, ovalbumin, keyhole limpet hemocyanin,
thyroglobulin, a toxoid from bacteria such as tetanus toxoid and diphtheria toxoid, a
naturally occurring T cell epitope, a naturally occurring T helper cell epitope; an artificial
T-cell epitope such as the pan DR epitope ("PADRE"; WO 95/07707), or another im-
munostimulatory agent, e.g., mannan, tripalmitoyl-S-glycerine cysteine, and the like; an
aptamer for another molecule; a chelating group, e. g. hexahistidinyl; a natural or na-
ture-derived protein structure mediating further specific protein-protein interactions, e.
g. a member of the fos/jun pair; a magnetic group, e. g. a ferromagnetic group; or a
radioactive group, e. g. a group comprising 1H, 14C, 32P, 35S or 125! or any combina-
tion thereof. With a view to avoiding the unfavored pro-inflammatory immune response
Th1-pathway, immunogenic products comprising a molecule which is capable of direct-

ing the immune response to the anti-inflammatory pathway (Th2-pathway), e.g. mole-
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cules comprsing a B cell epitope such as PADRE are expected to provide particular
advantages in active immunization (see also, Petrushina I., et al., The Journal of Neu-
roscience 2007, 27(46): 12721-12731; Woodhouse A, et al., Drugs Aging 2007; 24(2):
107-119).

Such groups and methods for linking them to the immunogenic products are known in
the art.

The immunogenic products of the invention have many utilities. For instance, they can
be used in: 1) immunization-based interventional therapies (e.g., the immunogenic
products may be used in active immunization to treat or prevent an amyloidosis); 2)
diagnostic testing (e.g., the immunogenic products may be used to diagnose an amy-
loidosis; 3) providing agents such as antibodies and aptamers that bind to the immuno-
genic products; and 4) crystallographic or NMR-based structure-based design research
for developing agents such as antibodies and aptamers that bind to the immunogenic

products.

In active immunization, AB(20 — 42) globulomer was shown to be effective in reversing
cognitive defects in Alzheimer Disease transgenic mice. The immunogenic products of
the present invention are able to elicit an immune response whose profil is similar to

the profil of the immune response elicited by AR(20 — 42) globulomer.

Thus, the invention also relates to the immunogenic products as defined herein for

therapeutic uses.

In one aspect, the invention relates to a composition comprising an immunogenic prod-
uct as disclosed herein, in particular a composition that is a vaccine, i.e. can be used
for active immunization. According to a particular embodiment, said compositions are
pharmaceutical compositions which further comprise a pharmaceutical acceptable car-
rier. The composition may further comprise a pharmaceutical acceptable adjuvant such

as Complete Freund’s Adjuvant (CFA) or an adjuvant comprising an aluminium salt.

The present invention also relates to a method of treating or preventing an amyloidosis
in a subject in need thereof, which comprises administering an effective amount of im-
munogenic product as disclosed herein to the subject. Preferably, the product is for

active immunization.
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In a related aspect, the present invention relates to an immunogenic product as dis-
closed herein for use in treating or preventing an amyloidosis, and in particular for ac-

tive immunization.

The term “amyloidosis” here denotes a number of disorders characterized by abnormal
folding, clumping, aggregation and/or accumulation of particular proteins (amyloids,

fibrous proteins and their precursors) in various tissues of the body. In Alzheimer’s dis-
ease and Down’s syndrome, nerve tissue is affected, and in cerebral amyloid angiopa-
thy (CAA) blood vessels are affected. According to a particular embodiment of the pre-
sent invention, an amyloidosis is selected from the group consisting of Alzheimer’s dis-

ease (AD) and the amyloidosis of Down’s syndrome.

In the context of active immunization, it is particularly preferred if the immunogenic

product is not able to enter the patient’'s CNS in significant amounts.

It is also particularly preferred if the pharmaceutical composition comprising the immu-
nogenic product is capable of inducing a strong immune response against A3 oligo-
mers, preferably a strong immune response directed against AB oligomers only, more
preferably a strong non-inflammatory antibody-based immune response against A3
oligomers only. Thus, in one embodiment of the invention the pharmaceutical composi-
tion comprises an immunological adjuvant, preferably an adjuvant and a signalling
molecule, e. g. a cytokine, that directs the immune response towards the non-
inflammatory, antibody-based type. Such adjuvants and signalling molecules are well

known to those skilled in the art.

It is particularly preferred if the pharmaceutical composition for active immunization is
administered via a route selected from the group consisting of the intravenous route,
the intramuscular route, the subcutaneous route, the intranasal route, and by inhala-
tion. It is also particularly preferred if the composition is administered by a method se-
lected from injection, bolus infusion and continuous infusion, each of which may be

performed once, repeatedly or in regular intervals.

In a particular embodiment of the invention, long-term continuous infusion is achieved
by employing an implantable device. In a further particular embodiment of the inven-

tion, the composition is applied as an implantable sustained release or controlled re-
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lease depot formulation. Suitable formulations and devices are known to those skilled
in the art. The details of the method to be used for any given route will depend on the
stage and severity of the disease and the overall medical parameters of the subject

and are preferably decided upon individually at the treating physician’s or veterinary’s

discretion.

In an especially preferred embodiment of the invention, the pharmaceutical composi-
tion for active immunization comprises one or more substances selected from the

group consisting of pharmaceutically acceptable preservatives, pharmaceutically ac-
ceptable colorants, pharmaceutically acceptable protective colloids, pharmaceutically
acceptable pH regulators and pharmaceutically acceptable osmotic pressure regula-

tors. Such substances are described in the art.

As used herein, the term "effective amount" refers to the amount of a therapy which is
sufficient to reduce or ameliorate the severity and/or duration of a disorder or one or
more symptoms thereof, prevent the advancement of a disorder, cause regression of a
disorder, prevent the recurrence, development, onset or progression of one or more
symptoms associated with a disorder, detect a disorder, or enhance or improve the
prophylactic or therapeutic effect(s) of another therapy (e.g., prophylactic or therapeutic

agent).

In line with globulomer hypothesis, it is believed that subjects suffering from an amyloi-
dosis develop an immune response against endogenous globulomer epitopes. As the
immunogenic products of the present invention react with antibodies that are specifical-
ly reactive with said epitopes the oligomers are believed to display the same or a very

similar epitope.

The invention thus also relates to the immunogenic products as defined herein for di-

agnostic uses.

In one aspect, the present invention relates to a method of diagnosing an amyloidosis
which comprises providing a sample from the subject suspected of having the amyloi-
dosis, contacting the sample with an immunogenic product as disclosed herein for a
time and under conditions sufficient for the formation of a complex comprising the

product and an antibody, the presence of the complex indicating the subject has the
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amyloidosis. According to a particular embodiment, at least the step of contacting the

sample is carried out ex vivo and in particular in vitro.

In a related aspect, the present invention relates to an immunogenic product as dis-

closed herein for use in diagnosing an amyloidosis.

Thus, the immunogenic products of the present invention may be used in a variety of

diagnostic methods and assays.

According to one embodiment, the method of diagnosing an amyloidosis in a patient
suspected of having this disease comprises the steps of: a) isolating a biological sam-
ple from the patient; b) contacting the biological sample with an immunogenic product
of the invention for a time and under conditions sufficient for the formation of anti-
body/product complexes; ¢) adding a conjugate to the resulting antibody/product com-
plexes for a time and under conditions sufficient to allow the conjugate to bind to the
bound antibody, wherein the conjugate comprises an antibody attached to a signal
generating compound capable of generating a detectable signal; and d) detecting the
presence of antibodies which may be present in the biological sample by detecting a
signal generated by the signal generating compound, the signal indicating a diagnosis
of an amyloidosis in the patient. According to a particular embodiment, at least one of
steps b), ¢) and d) is carried out ex vivo and in particular in vitro. According to a further

particular embodiment, the method does not comprise step a).

According to a further embodiment, the method of diagnosing an amyloidosis in a pa-
tient suspected of having this disease comprises the steps of: a) isolating a biological
sample from the patient; b) contacting the biological sample with anti-antibody specific
for antibodies in the sample for a time and under conditions sufficient to allow for for-
mation of anti-antibody/antibody complexes; b) adding a conjugate to resulting anti-
antibody/antibody complexes for a time and under conditions sufficient to allow the
conjugate to bind to bound antibody, wherein the conjugate comprises an immunogenic
product of the present invention attached to a signal generating compound capable of
generating a detectable signal; and c) detecting a signal generated by the signal gen-
erating compound, the signal indicating a diagnosis of an amyloidosis in the patient.
According to a particular embodiment, at least one of said steps b) and c¢) is carried out
ex vivo and in particular in vitro. According to a further particular embodiment, the

method does not comprise step a).
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More specifically, as the immunogenic products of the present invention display the
globulomer epitope and the globulomer epitope is believed to be an endogenous anti-
gen which gives rise to an endogenous immune response, diagnosis of amyloidoses
can be related to the determination of the presence of auto-antibodies which specifical-

ly bind to the immunogenic products of the invention.

The invention thus also relates to the use of the immunogenic products as defined
herein for preparing a composition for detecting in a subject auto-antibodies that bind to
the immunogenic product. Accordingly, the invention also relates to a method of detect-
ing auto-antibodies in a subject, which method comprises administering to the subject
an immunogenic product as defined herein and detecting a complex formed by the an-
tibody and the immunogenic product, the presence of the complex indicating the pres-
ence of the auto-antibodies. According to a particular embodiment, at least the step of
contacting the sample is carried out ex vivo and in particular in vitro. In a particular em-
bodiment of the invention, the subject is suspected of having any form of amyloidosis,
e.g. Alzheimer’s disease, and detecting auto-antibodies is for diagnosing the presence

or absence of any form of amyloidosis, e.g. Alzheimer’'s disease, in the subject.

The term "sample”, as used herein, is used in its broadest sense. A “biological sample”,
as used herein, includes, but is not limited to, any quantity of a substance from a living
thing or formerly living thing. Such living things include, but are not limited to, humans,
mice, rats, monkeys, dogs, rabbits and other animals. Such substances include, but
are not limited to, blood, serum, urine, synovial fluid, cells, organs, tissues, bone mar-

row, lymph nodes and spleen.

Suitable samples include in particular biological fluids which may be tested in the
methods described herein. These include plasma, whole blood, dried whole blood, se-

rum, cerebrospinal fluid or agueous or organo-aqueous extracts of tissues and cells.

It is particularly preferred if the subject suspected of having an amyloidosis is a subject

having the amyloidosis or having an increased risk of getting the amyloidosis.

According to a particular embodiment of the invention, detecting auto-antibodies as
described herein further comprises a pre-treatment of the preparation (sample) which

causes dissociation of auto-antibody/antigen complexes. A method comprising such a
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pre-treatment may therefore be used in order to determine the total amount of auto-
antibodies present in the preparation (sample) while a method not comprising said pre-
treatment may be used in order to determine the amount of auto-antibodies which can
still bind to the antigen. Further, both methods will allow to indirectly determine the

amount of complexed auto-antibodies.

Conditions suitable for inducing dissociation of auto-antibody/antigen complexes are
known to the skilled person. For instance, treating the preparation (sample) with acid,
e.g., using a buffer such that the pH of the resulting preparation (sample) is in the
range of 1 to 5, preferably in the range of 2 to 4 and in particular in the range of 2 to 3,
may be expedient. Suitable buffers include salts in a physiological concentration, e.g.
NaCl and acetic acid. A method for separation of antibody/antigen complexes has been
described in W0O2005/037209, which is incorporated herein in its entirety.

Briefly, dissociating the antibody from the antigen in the antibody/antigen complex
comprises the steps of: contacting the sample containing an antibody/antigen complex

with a dissociation buffer; incubating the sample; and optionally concentrating the sam-

ple.

The dissociation buffer may be a PBS buffer which has a pH in the range as indicated
herein. For instance a PBS buffer containing about 1.5 % BSA and 0.2 M glycine-
acetate pH 2.5, or 140 mM NaCl and 0.58 % acetic acid is suitable.

Incubation for several minutes, for instance such as 10 to 30, e.g., 20 minutes at a

temperature in the range of 20 to 40 °C has proven sufficient.

Concentration can be achieved in a manner known per se, for instance by passing the

sample over a Centriprep YM30 (Amincon Inc.).

In one embodiment of the present invention, the immunogenic products of the invention
are coated on a solid phase. The sample (e.g., whole blood, cerebrospinal fluid, serum,
etc.) is then contacted with the solid phase. If the antibodies, e.g. the auto-antibodies,
are present in the sample, such antibodies bind to the immunogenic product on the
solid phase and are then detected by either a direct or indirect method. The direct
method comprises simply detecting presence of the complex itself and thus presence
of the antibodies. In the indirect method, a conjugate is added to the bound antibody.
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The conjugate comprises a second antibody, which binds to the first bound antibodies,
attached to a signal-generating compound or label. Should the second antibody bind to
a bound first antibody, the signal-generating compound generates a measurable signal.

Such a signal then indicates presence of the first antibodies in the sample.

Examples of solid phases used in diagnostic immunoassays are porous and non-
porous materials, latex particles, magnetic particles, microparticles (see U.S. Patent
No. 5,705,330), beads, membranes, microtiter wells and plastic tubes. The choice of
the solid phase material and the method of labeling the antigen or antibodies present in
the conjugate, if desired, are determined based upon desired assay format perfor-

mance characteristics.

As noted herein, the conjugate (or indicator reagent) will comprise an antibody (or per-
haps anti-antibodies, depending upon the assay), attached to a signal-generating com-
pound or “label’. This signal-generating compound or label is itself detectable or may
be reacted with one or more additional compounds to generate a detectable product.
Examples of signal-generating compounds are described herein and in particular in-
clude chromophores, radioisotopes (e.g., 1251, 1311, 32P, 3H, 35S and 14C), chemilu-
minescent compounds (e.g., acridinium), particles (visible or fluorescent), nucleic acids,
complexing agents, or catalysts such as enzymes (e.g., alkaline phosphatase, acid
phosphatase, horseradish peroxidase, beta-galactosidase and ribonuclease). In the
case of enzyme use (e.g., alkaline phosphatase or horseradish peroxidase), addition of
a chromo-, fluro-, or lumo-genic substrate results in generation of a detectable signal.
Other detection systems such as time-resolved fluorescence, internal-reflection fluo-
rescence, amplification (e.g., polymerase chain reaction) and Raman spectroscopy are
also useful.

Kits are also included within the scope of the present invention. More specifically, the
present invention includes kits for determining the presence of antibodies such as auto-
antibodies in a subject. In particular, a kit for determining the presence of said antibod-
ies in a sample comprises a) an immunogenic product as defined herein; and optionally
b) a conjugate comprising an antibody attached to a signal generating compound ca-
pable of generating a detectable signal. The kit may also contain a control or calibrator

which comprises a reagent which binds to the antigen.
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The present invention also includes another type of kit for detecting antibodies such as
auto-antibodies in a sample. The kit may comprise a) an anti-antibody specific for the
antibody of interest, and b) an immunogenic product as defined herein. A control or
calibrator comprising a reagent which binds to the immunogenic product may also be
included. More specifically, the kit may comprise a) an anti-antibody specific for the
auto-antibody and b) a conjugate comprising the immunogenic product, the conjugate
being attached to a signal generating compound capable of generating a detectable
signal. Again, the kit may also comprise a control or calibrator comprising a reagent

which binds to the antigen.

The kit may also comprise one container such as a vial, bottle or strip, with each con-
tainer with a pre-set solid phase, and other containers containing the respective conju-
gates. These kits may also contain vials or containers of other reagents needed for

performing the assay, such as washing, processing and indicator reagents.

The immunogenic products of the invention are also useful for providing agents that are
capable of binding to the immunogenic products. Such agents include, e.g., antibodies
(hereinafter also referred to as anti-product antibody), non-antibody binding molecules
(such as affibodies, affilin molecules, AdNectins, Anticalins, DARPins, domain antibod-
ies, evibodies, knotins, Kunitz-type domains, maxibodies, tetranectins, trans-bodies,
and V(NAR)s, as described, for instance, in the Handbook of Therapeutic Antibodies,
ed. by Stefan Dibel, Volume Il, Chapter 7, Wiley-VCH Verlag GmbH & Co. KGaA,

Weinheim, 2007), aptamers or small-molecular weight compounds.

In one aspect, the invention thus relates to the use of the immunogenic products for
screening an agent that is capable of binding to the immunogenic product. Accordingly,
the present invention also relates to a method of identifying an agent capable of bind-
ing to an immunogenic product as disclosed herein, which method comprises the steps
of: a) exposing one or more agents of interest to the product for a time and under con-
ditions sufficient for the one or more agents to bind to the product; and b) identifying

those agents which bind to the product.

Said agent may be selected from the group consisting of an antibody, a non-antibody

binding molecule, an aptamer or a small molecular weight compound.
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In another aspect, the invention relates to the use of the immunogenic products for
enriching an agent that is capable of binding to the immunogenic product in a prepara-
tion comprising said agent. Accordingly, the invention also relates to a method of en-
riching such an agent in a preparation comprising said agent, which method comprises
the steps of: a) exposing to the immunogenic product the preparation comprising the
agent that is capable of binding to the immunogenic product for a time and under con-
ditions sufficient for the agent to bind to the immunogenic product; and b) obtaining the
agent in enriched form. More particularly, the immunogenic product can be immobilized
(for instance on a resin), which allows the agent to be captured. Obtaining the agent in
enriched form may then comprise desorbing the captured agent, preferably in such a
way that desorbing the captured agent comprises contacting the captured agent with a
high salt buffer or an acidic solution. This method can, for instance, be used for enrich-
ing auto-antibodies as described herein by subjecting commercial immunoglobulin
preparations like IVIG or Octagam® (Octapharma Inc. Vienna, Austria) to this method.
It is believed that these immunoglobulin preparations contain auto-antibodies to AR,
and by treating subjects one raises the level of anti-Af} antibodies in their body. A
preparation that is enriched for said auto-antibodies would be expected to be more

efficacious.

In a further aspect, the invention thus relates to the use of the immunogenic products
for providing an antibody that binds to the immunogenic products. Accordingly, the-
invention provides a method of providing an antibody capable of binding to an immu-
nogenic product of the invention, which comprises

i) providing an antigen comprising the product;

ii) exposing an antibody repertoire to said antigen; and

iii) selecting from said repertoire an antibody which binds to the product.

Here it is to be understood that a “potential antibody repertoire” refers to any library,
collection, assembly or set of amino acid or corresponding nucleic acid sequences or to
any generator of such a library, collection, assembly or set of amino acid sequences
that can be used for producing an antibody repertoire in vivo or in vitro. In a preferred
embodiment of the invention, the generator is the adaptive immune system of an ani-
mal, in particular the antigen-producing part of the immune system of a mammal which
generates antibody diversity by a recombination process well known to those skilled in

the art. In another preferred embodiment of the invention, the generator is a system for
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the spawning of random nucleic acid sequences which can then, by insertion into a

suitable antibody framework, be used to produce an antibody repertoire in vitro.

In a preferred embodiment of the invention, the antibody repertoire or potential anti-
body repertoire is exposed to the antigen in vivo by immunizing an organism with said
antigen. In another preferred embodiment of the invention, the potential antibody reper-
toire is a library of suitable nucleic acids which is exposed to the antibody by in vitro

affinity screening as described in the art, e.g. a phage display and panning system.

In another aspect, the invention also provides antibodies that bind to the immunogenic

products as defined herein.

In a preferred embodiment of the invention, the antibody is obtainable by a method
comprising selecting the antibody from a repertoire or potential repertoire as described

herein.

According to a particularly preferred embodiment, the present invention provides im-
munogenic product-specific antibodies. These include in particular antibodies having a
comparatively smaller affinity for both the monomeric and fibrillomeric forms of AR pep-
tide than for the immunogenic product of the invention. In certain embodiments, an
antibody is said to specifically bind an antigen when it preferentially recognizes its tar-

get antigen in a complex mixture of proteins and/or macromolecules.

In a preferred embodiment of the invention, the affinity of the antibody to the immuno-
genic product is at least 2 times, e. g. at least 3 times or at least 5 times, preferably at
least 10 times, e. g. at least 20 times, at least 30 times or at least 50 times, more pref-
erably at least 100 times, e. g. at least 200 times, at least 300 times or at least 500
times, and even more preferably at least 1000 times, e. g. at least 2000 times, at least
3000 times or at least 5000 times, even more preferably at least 10000 times, e. g. at
least 20000 times, at least 30000 or at least 50000 times, and most preferably at least
100000 times greater than the binding affinity of the antibody to a monomeric AR(1 —
42).

In a preferred embodiment of the invention, the affinity of the antibody to the immuno-
genic product is at least 2 times, e. g. at least 3 times or at least 5 times, preferably at

least 10 times, e. g. at least 20 times, at least 30 times or at least 50 times, more pref-
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erably at least 100 times, e. g. at least 200 times, at least 300 times or at least 500
times, and even more preferably at least 1000 times, e. g. at least 2000 times, at least
3000 times or at least 5000 times, even more preferably at least 10000 times, e. g. at
least 20000 times, at least 30000 or at least 50000 times, and most preferably at least
100000 times greater than the binding affinity of the antibody to a monomeric AB(1 —
40).

Expediently, the antibody of the present invention binds to one or, more preferably,

both monomers with low affinity, most preferably with a Kp of 1x10® M or smaller affini-
ty, e. g. with a Kp of 3x10°® M or smaller affinity, with a Kp of 1x107 M or smaller affinity,
e. g. with a Kp of 3x107 M or smaller affinity, or with a Kp of 1x1 0% M or smaller affinity,

e. g. with a Kp of 3x10™° M or smaller affinity, or with a Kp of 1x10™° M or smaller affinity.

In a preferred embodiment of the invention, the affinity of the antibody to the immuno-
genic product is at least 2 times, e. g. at least 3 times or at least 5 times, preferably at
least 10 times, e. g. at least 20 times, at least 30 times or at least 50 times, more pref-
erably at least 100 times, e. g. at least 200 times, at least 300 times or at least 500
times, and even more preferably at least 1000 times, e. g. at least 2000 times, at least
3000 times or at least 5000 times, even more preferably at least 10000 times, e. g. at
least 20000 times, at least 30000 or at least 50000 times, and most preferably at least
100000 times greater than the binding affinity of the antibody to a fibrillomeric AB(1 —
42).

In a preferred embodiment of the invention, the affinity of the antibody to the immuno-
genic product is at least 2 times, e. g. at least 3 times or at least 5 times, preferably at
least 10 times, e. g. at least 20 times, at least 30 times or at least 50 times, more pref-
erably at least 100 times, e. g. at least 200 times, at least 300 times or at least 500
times, and even more preferably at least 1000 times, e. g. at least 2000 times, at least
3000 times or at least 5000 times, even more preferably at least 10000 times, e. g. at
least 20000 times, at least 30000 or at least 50000 times, and most preferably at least
100000 times greater than the binding affinity of the antibody to a fibrillomeric AB(1 —
40).

Expediently, the antibody of the present invention binds to one or, more preferably,
both fibrils with low affinity, most preferably with a Kp of 1x10® M or smaller affinity, e.

g. with a Kp of 3x10® M or smaller affinity, with a Kp of 1x10” M or smaller affinity, e. g.
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with a Kp of 3x107 M or smaller affinity, or with a Kp of 1x1 0 M or smaller affinity, e. g.

with a Kp of 3x10™° M or smaller affinity, or with a Kp of 1x1 0° M or smaller affinity.

The term "antibody”, as used herein, broadly refers to any immunoglobulin (Ig) mole-
cule comprised of four polypeptide chains, two heavy (H) chains and two light (L)
chains, or any functional fragment, mutant, variant, or derivation thereof, which retains
the essential epitope binding features of an Ig molecule. Such functional fragment, mu-
tant, variant, or derivative antibody formats are known in the art. Nonlimiting embodi-
ments of which are discussed below. A “full-length antibody”, as used herein, refers to
an Ig molecule comprising four polypeptide chains, two heavy chains and two light
chains. The chains are usually linked to one another via disulfide bonds. Each heavy
chain is comprised of a heavy chain variable region (also referred to herein as “variable
heavy chain”, or abbreviated herein as HCVR or VH) and a heavy chain constant re-
gion. The heavy chain constant region is comprised of three domains, CH1, CH2 and
CHS. Each light chain is comprised of a light chain variable region (also referred to
herein as “variable light chain”, or abbreviated herein as LCVR or VL) and a light chain
constant region. The light chain constant region is comprised of one domain, CL. The
VH and VL regions can be further subdivided into regions of hypervariability, termed
complementarity determining regions (CDR), interspersed with regions that are more
conserved, termed framework regions (FR). Each VH and VL is composed of three
CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the follow-
ing order: FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. Immunoglobulin molecules can
be of any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 1, IgG2, IgG3,
IgG4, IgA1 and IgA2) or subclass.

The terms "antigen-binding portion" of an antibody (or simply "antibody portion"), “anti-
gen-binding moiety” of an antibody (or simply “antibody moiety”), as used herein, refers
to one or more fragments of an antibody that retain the ability to specifically bind to an
antigen (i.e. the immunogenic product of the invention), i.e. are functional fragments of
an antibody. It has been shown that the antigen-binding function of an antibody can be
performed by one or more fragments of a full-length antibody. Such antibody embodi-
ments may also be bispecific, dual specific, or multi-specific, specifically binding to two
or more different antigens. Examples of binding fragments encompassed within the
term "antigen-binding portion" of an antibody include (i) a Fab fragment, a monovalent
fragment consisting of the VL, VH, CL and CH1 domains; (ii) a F(ab'), fragment, a biva-
lent fragment comprising two Fab fragments linked by a disulfide bridge at the hinge
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region; (iii) a Fd fragment consisting of the VH and CH1 domains; (iv) a Fv fragment
consisting of the VL and VH domains of a single arm of an antibody, (v) a dAb fragment
(Ward et al., Nature 341: 544-546, 1989; Winter et al., WO 90/05144 A1, herein incor-
porated by reference), which comprises a single variable domain; and (vi) an isolated
complementarity determining region (CDR). Furthermore, although the two domains of
the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, us-
ing recombinant methods, by a synthetic linker that enables them to be made as a sin-
gle protein chain in which the VL and VH regions pair to form monovalent molecules
(known as single chain Fv (scFv); see e.g., Bird et al., Science 242: 423-426, 1988;
and Huston et al., Proc. Natl. Acad. Sci. USA 85: 5879-5883, 1988). Such single chain
antibodies are also encompassed within the term "antigen-binding portion" of an anti-
body. Other forms of single chain antibodies, such as diabodies, are also encom-
passed. Diabodies are bivalent, bispecific antibodies in which VH and VL domains are
expressed on a single polypeptide chain, but using a linker that is too short to allow for
pairing between the two domains on the same chain, thereby forcing the domains to
pair with complementary domains of another chain and creating two antigen binding
sites (see e.g., Holliger ef al., Proc. Natl. Acad. Sci. USA 90: 6444-6448, 1993; Poljak
et al., Structure 2: 1121-1123, 1994). Such antibody binding portions are known in the
art (Kontermann and Dubel eds., Antibody Engineering, Springer-Verlag. New York.
790 pp., 2001, ISBN 3-540-41354-5).

The term "antibody”, as used herein, also comprises antibody constructs. The term
“antibody construct” as used herein refers to a polypeptide comprising one or more of
the antigen-binding portions of the invention linked to a linker polypeptide or an immu-
noglobulin constant domain. Linker polypeptides comprise two or more amino acid res-
idues joined by peptide bonds and are used to link one or more antigen binding por-
tions. Such linker polypeptides are well known in the art (see e.g., Holliger et al., Proc.
Natl. Acad. Sci. USA 90: 6444-6448, 1993; Poljak et al., Structure 2: 1121-1123, 1994).

An immunoglobulin constant domain refers to a heavy or light chain constant domain.
Human IgG heavy chain and light chain constant domain amino acid sequences are

known in the art.

Still further, a binding protein of the present invention (e.g. an antibody) may be part of
a larger immmunoadhesion molecule, formed by covalent or noncovalent association of

the binding protein of the invention with one or more other proteins or peptides. Exam-
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ples of such immunoadhesion molecules include the use of the streptavidin core region
to make a tetrameric scFv molecule (Kipriyanov ef al., Human Antibodies and Hybrid-
omas 6: 93-101, 1995) and use of a cysteine residue, a marker peptide and a C-
terminal polyhistidine tag to make bivalent and biotinylated scFv molecules (Kipriyanov
et al., Mol. Immunol. 31: 1047-1058, 1994). Antibody portions, such as Fab and F(ab'),
fragments, can be prepared from whole antibodies using conventional techniques, such
as papain or pepsin digestion, respectively, of whole antibodies. Moreover, antibodies,
antibody portions and immunoadhesion molecules can be obtained using standard re-

combinant DNA techniques, as described herein.

An "isolated antibody", as used herein, is intended to refer to an antibody that is sub-
stantially free of other antibodies having different antigenic specificities. An isolated
antibody that specifically binds the immunogenic product of the invention may, howev-
er, have cross-reactivity to other antigens, such as AB globulomers, e.g. AB(20-42)
globulomer or other A3 forms. Moreover, an isolated antibody may be substantially free

of other cellular material and/or chemicals and/or any other targeted AR form.

The term "human antibody", as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequenc-
es. The human antibodies of the invention may include amino acid residues not encod-
ed by human germline immunoglobulin sequences (e.g. mutations introduced by ran-
dom or site-specific mutagenesis in vitro or by somatic mutation in vivo), for example in
the CDRs and in particular in CDR3. However, the term "human antibody", as used
herein, is not intended to include antibodies in which CDR sequences derived from the
germline of another mammalian species, such as a mouse, have been grafted onto

human framework sequences.

The term "recombinant human antibody", as used herein, is intended to include all hu-
man antibodies that are prepared, expressed, created or isolated by recombinant
means, such as antibodies expressed using a recombinant expression vector trans-
fected into a host cell (described further in Section B, below), antibodies isolated from a
recombinant, combinatorial human antibody library (Hoogenboom, TIB Tech. 15: 62-
70, 1997; Azzazy and Highsmith, Clin. Biochem. 35: 425-445, 2002; Gavilondo J.V.,
and Larrick J.W. (2002) BioTechniques 29:128-145; Hoogenboom H., and Chames P.
(2000) Immunology Today 21:371-378), antibodies isolated from an animal (e.g. a

mouse) that is transgenic for human immunoglobulin genes (see e.g. Taylor, L. D., et
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al. (1992) Nucl. Acids Res. 20:6287-6295; Kellermann S-A., and Green L.L. (2002)
Current Opinion in Biotechnology 13:593-597; Little M. et a/ (2000) Immunology Today
21:364-370) or antibodies prepared, expressed, created or isolated by any other
means that involves splicing of human immunoglobulin gene sequences to other DNA
sequences. Such recombinant human antibodies have variable and constant regions
derived from human germline immunoglobulin sequences. In certain embodiments,
however, such recombinant human antibodies are subjected to in vitro mutagenesis
(or, when an animal transgenic for human Ig sequences is used, in vivo somatic muta-
genesis) and thus the amino acid sequences of the VH and VL regions of the recombi-
nant antibodies are sequences that, while derived from and related to human germline
VH and VL sequences, may not naturally exist within the human antibody germline

repertoire in vivo.

The term “chimeric antibody” refers to antibodies which comprise heavy and light chain
variable region sequences from one species and constant region sequences from an-
other species, such as antibodies having murine heavy and light chain variable regions

linked to human constant regions.

The term “CDR-grafted antibody” refers to antibodies which comprise heavy and light
chain variable region sequences from one species but in which the sequences of one
or more of the CDR regions of VH and/or VL are replaced with CDR sequences of an-
other species, such as antibodies having murine CDRs (e.g., CDR3) in which one or

more of the murine variable heavy and light chain regions has been replaced with hu-

man variable heavy and light chain sequences.

The terms "Kabat numbering", "Kabat definitions and "Kabat labeling" are used inter-
changeably herein. These terms, which are recognized in the art, refer to a system of
numbering amino acid residues which are more variable (i.e. hypervariable) than other
amino acid residues in the heavy and light chain variable regions of an antibody, or an
antigen binding portion thereof (Kabat et al. (1971) Ann. NY Acad, Sci. 190:382-391
and , Kabat, E.A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth
Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-
3242). For the heavy chain variable region, the hypervariable region ranges from amino
acid positions 31 to 35 for CDR1, amino acid positions 50 to 65 for CDR2, and amino
acid positions 95 to 102 for CDR3. For the light chain variable region, the hypervariable
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region ranges from amino acid positions 24 to 34 for CDR1, amino acid positions 50 to
56 for CDR2, and amino acid positions 89 to 97 for CDR3.

As used herein, the terms "acceptor" and "acceptor antibody" refer to the antibody or
nucleic acid sequence providing or encoding at least 80%, at least 85%, at least 90%,
at least 95%, at least 98% or 100% of the amino acid sequences of one or more of the
framework regions. In some embodiments, the term "acceptor” refers to the antibody
amino acid or nucleic acid sequence providing or encoding the constant region(s). In
yet another embodiment, the term "acceptor" refers to the antibody amino acid or nu-
cleic acid sequence providing or encoding one or more of the framework regions and
the constant region(s). In a specific embodiment, the term "acceptor” refers to a human
antibody amino acid or nucleic acid sequence that provides or encodes at least 80%,
for example at least 85%, at least 90%, at least 95%, at least 98%, or 100% of the
amino acid sequences of one or more of the framework regions. In accordance with
this embodiment, an acceptor may contain at least 1, at least 2, at least 3, least 4, at
least 5, or at least 10 amino acid residues that does (do) not occur at one or more spe-
cific positions of a human antibody. An acceptor framework region and/or acceptor
constant region(s) may be, e.g., derived or obtained from a germline antibody gene, a
mature antibody gene, a functional antibody (e.g., antibodies well-known in the art, an-

tibodies in development, or antibodies commercially available).

As used herein, the term "CDR" refers to the complementarity determining region within
antibody variable sequences. There are three CDRs in each of the variable regions of
the heavy chain and the light chain, which are designated CDR1, CDR2 and CDRS, for
each of the variable regions. The term “CDR set” as used herein refers to a group of
three CDRs that occur in a single variable region capable of binding the antigen. The
exact boundaries of these CDRs have been defined differently according to different
systems. The system described by Kabat (Kabat ef al., Sequences of Proteins of Im-
munological Interest (National Institutes of Health, Bethesda, Md. (1987) and (1991))
not only provides an unambiguous residue numbering system applicable to any varia-
ble region of an antibody, but also provides precise residue boundaries defining the
three CDRs. These CDRs may be referred to as Kabat CDRs. Chothia and coworkers
(Chothia & Lesk, J. Mol. Biol. 196:901-917 (1987) and Chothia et al., Nature 342:877-
883 (1989)) found that certain sub- portions within Kabat CDRs adopt nearly identical
peptide backbone conformations, despite having great diversity at the level of amino

acid sequence. These sub-portions were designated as L1, L2 and L3 or H1, H2 and
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H3 where the "L" and the "H" designates the light chain and the heavy chains regions,
respectively. These regions may be referred to as Chothia CDRs, which have bounda-
ries that overlap with Kabat CDRs. Other boundaries defining CDRs overlapping with
the Kabat CDRs have been described by Padlan (FASEB J. 9:133-139 (1995)) and
MacCallum (J Mol Biol 262(5):732-45 (1996)). Still other CDR boundary definitions may
not strictly follow one of the above systems, but will nonetheless overlap with the Kabat
CDRs, although they may be shortened or lengthened in light of prediction or experi-
mental findings that particular residues or groups of residues or even entire CDRs do
not significantly impact antigen binding. The methods used herein may utilize CDRs
defined according to any of these systems, particular embodiments use Kabat or Cho-
thia defined CDRs.

As used herein, the term "canonical” residue refers to a residue in a CDR or framework
that defines a particular canonical CDR structure as defined by Chothia et al. (J. Mol.
Biol. 196:901-907 (1987); Chothia et al., J. Mol. Biol. 227:799 (1992), both are incorpo-
rated herein by reference). According to Chothia et al., critical portions of the CDRs of
many antibodies have nearly identical peptide backbone confirmations despite great
diversity at the level of amino acid sequence. Each canonical structure specifies pri-
marily a set of peptide backbone torsion angles for a contiguous segment of amino acid

residues forming a loop.

As used herein, the terms "donor" and "donor antibody" refer to an antibody providing

one or more CDRs. In one embodiment, the donor antibody is an antibody from a spe-
cies different from the antibody from which the framework regions are obtained or de-

rived. In the context of a humanized antibody, the term "donor antibody" refers to a

non-human antibody providing one or more CDRs.

As used herein, the term "framework" or "framework sequence” refers to the remaining
sequences of a variable region minus the CDRs. Because the exact definition of a CDR
sequence can be determined by different systems, the meaning of a framework se-
quence is subject to correspondingly different interpretations. The six CDRs (CDR-LA1, -
L2, and -L3 of light chain and CDR-H1, -H2, and -H3 of heavy chain) also divide the
framework regions on the light chain and the heavy chain into four sub-regions (FR1,
FR2, FR3 and FR4) on each chain, in which CDR1 is positioned between FR1 and
FR2, CDR2 between FR2 and FR3, and CDRS3 between FR3 and FR4. Without speci-
fying the particular sub-regions as FR1, FR2, FR3 or FR4, a framework region, as re-



WO 2016/005328 PCT/EP2015/065362
61

ferred by others, represents the combined FR's within the variable region of a single,
naturally occurring immunoglobulin chain. As used herein, a FR represents one of the
four sub-regions, and FRs represents two or more of the four sub- regions constituting

a framework region.

Human heavy chain and light chain acceptor sequences are known in the art.

As used herein, the term "germline antibody gene" or "gene fragment" refers to an im-
munoglobulin sequence encoded by non-lymphoid cells that have not undergone the
maturation process that leads to genetic rearrangement and mutation for expression of
a particular immunoglobulin. (See, e.g., Shapiro et al., Crit. Rev. Immunol. 22(3): 183-
200 (2002); Marchalonis et al., Adv Exp Med Biol. 484:13-30 (2001)). One of the ad-
vantages provided by various embodiments of the present invention stems from the
recognition that germline antibody genes are more likely than mature antibody genes to
conserve essential amino acid sequence structures characteristic of individuals in the
species, hence less likely to be recognized as from a foreign source when used thera-

peutically in that species.

As used herein, the term "key" residues refer to certain residues within the variable
region that have more impact on the binding specificity and/or affinity of an antibody, in
particular a humanized antibody. A key residue includes, but is not limited to, one or
more of the following: a residue that is adjacent to a CDR, a potential glycosylation site
(can be either N- or O-glycosylation site), a rare residue, a residue capable of interact-
ing with the antigen, a residue capable of interacting with a CDR, a canonical residue,
a contact residue between heavy chain variable region and light chain variable region,
a residue within the Vernier zone, and a residue in the region that overlaps between
the Chothia definition of a variable heavy chain CDR1 and the Kabat definition of the

first heavy chain framework.

As used herein, the term "humanized antibody" is an antibody or a variant, derivative,
analog or portion thereof which immunospecifically binds to an antigen of interest and
which comprises a framework (FR) region having substantially the amino acid se-

quence of a human antibody and a complementary determining region (CDR) having
substantially the amino acid sequence of a non-human antibody. As used herein, the
term "substantially" in the context of a CDR refers to a CDR having an amino acid se-

quence at least 90%, at least 95%, at least 98% or at least 99% identical to the amino
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acid sequence of a non-human antibody CDR. A humanized antibody comprises sub-
stantially all of at least one, and typically two, variable domains (Fab, Fab', F(ab"),,
FabC, Fv) in which all or substantially all of the CDR regions correspond to those of a
non-human immunoglobulin (i.e., donor antibody) and all or substantially all of the
framework regions are those of a human immunoglobulin consensus sequence. Ac-
cording to one aspect, a humanized antibody also comprises at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. In
some embodiments, a humanized antibody contains both the light chain as well as at
least the variable domain of a heavy chain. The antibody also may include the CH1,
hinge, CH2, CH3, and CH4 regions of the heavy chain. In some embodiments, a hu-
manized antibody only contains a humanized light chain. In some embodiments, a hu-
manized antibody only contains a humanized heavy chain. In specific embodiments, a
humanized antibody only contains a humanized variable domain of a light chain and/or

of a heavy chain.

The humanized antibody can be selected from any class of immunoglobulins, including
IgM, 1gG, IgD, IgA and IgE, and any isotype, including without limitation IgG 1, 19G2,
IgG3 and I1gG4. The humanized antibody may comprise sequences from more than
one class or isotype, and particular constant domains may be selected to optimize de-

sired effector functions using techniques well-known in the art.

The framework and CDR regions of a humanized antibody need not correspond pre-
cisely to the parental sequences, e.g., the donor antibody CDR or the consensus
framework may be mutagenized by substitution, insertion and/or deletion of at least
one amino acid residue so that the CDR or framework residue at that site does not cor-
respond to either the donor antibody or the consensus framework. In one embodiment,
such mutations, however, will not be extensive. Usually, at least 90%, at least 95%, at
least 98%, or at least 99% of the humanized antibody residues will correspond to those
of the parental FR and CDR sequences. As used herein, the term "consensus frame-
work" refers to the framework region in the consensus immunoglobulin sequence. As
used herein, the term "consensus immunoglobulin sequence" refers to the sequence
formed from the most frequently occurring amino acids (or nucleotides) in a family of
related immunoglobulin sequences (See e.g., Winnaker, From Genes to Clones (Ver-
lagsgesellschaft, Weinheim, Germany 1987)). In a family of immunoglobulins, each

position in the consensus sequence is occupied by the amino acid occurring most fre-
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quently at that position in the family. If two amino acids occur equally frequently, either

can be included in the consensus sequence.

As used herein, "Vernier" zone refers to a subset of framework residues that may ad-
just CDR structure and fine-tune the fit to antigen as described by Foote and Winter
(1992, J. Mol. Biol. 224:487-499, which is incorporated herein by reference). Vernier
zone residues form a layer underlying the CDRs and may impact on the structure of
CDRs and the affinity of the antibody.

The term “antibody”, as used herein, also comprises multivalent binding proteins. The
term "multivalent binding protein” is used in this specification to denote a binding pro-
tein comprising two or more antigen binding sites. The multivalent binding protein is
engineered to have the three or more antigen binding sites, and is generally not a natu-
rally occurring antibody. The term “multispecific binding protein” refers to a binding pro-
tein capable of binding two or more related or unrelated targets. Dual variable domain
(DVD) binding proteins as used herein, are binding proteins that comprise two or more
antigen binding sites and are tetravalent or multivalent binding proteins. Such DVDs
may be monospecific, i.e. capable of binding one antigen or multispecific, i.e. capable
of binding two or more antigens. DVD binding proteins comprising two heavy chain
DVD polypeptides and two light chain DVD polypeptides are refered to a DVD Ig. Each
half of a DVD Ig comprises a heavy chain DVD polypeptide, and a light chain DVD pol-
ypeptide, and two antigen binding sites. Each binding site comprises a heavy chain
variable domain and a light chain variable domain with a total of 6 CDRs involved in
antigen binding per antigen binding site. DVD binding proteins and methods of making
DVD binding proteins are disclosed in US. Patent Application No. 11/507,050 and in-
corporated herein by reference.

The term “labeled binding protein”, as used herein, refers to a binding protein with a
label incorporated that provides for the identification of the binding protein. Likewise,
the term “labeled antibody” as used herein, refers to an antibody with a label incorpo-
rated that provides for the identification of the antibody. In one aspect, the label is a
detectable marker, e.g., incorporation of a radiolabeled amino acid or attachment to a
polypeptide of biotinyl moieties that can be detected by marked avidin (e.g., streptavi-
din containing a fluorescent marker or enzymatic activity that can be detected by opti-
cal or colorimetric methods). Examples of labels for polypeptides include, but are not

limited to, the following: radioisotopes or radionuclides (e.g., °H, "*C, *S, Y, *Tc,
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"M, 21, 3", Y7Ly, " Ho, or **Sm); fluorescent labels (e.g., FITC, rhodamine, lantha-
nide phosphors), enzymatic labels (e.g., horseradish peroxidase, luciferase, alkaline
phosphatase); chemiluminescent markers; biotinyl groups; predetermined polypeptide
epitopes recognized by a secondary reporter (e.g., leucine zipper pair sequences, bind-
ing sites for secondary antibodies, metal binding domains, epitope tags); and magnetic

agents, such as gadolinium chelates.

The term "antibody”, as used herein, also comprises antibody conjugates. The term
“antibody conjugate” refers to a binding protein, such as an antibody, chemically linked

to a second chemical moiety, such as a therapeutic agent.

Antibodies of the present invention may be made by any of a number of techniques

known in the art.

Monoclonal antibodies can be prepared using a wide variety of techniques known in
the art including the use of hybridoma, recombinant, and phage display technologies,
or a combination thereof. For example, monoclonal antibodies can be produced using
hybridoma techniques including those known in the art and taught, for example, in Har-
low et al., Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd
ed. 1988); Hammerling, et al., in: Monoclonal Antibodies and T-Cell Hybridomas 563-
681 (Elsevier, N.Y., 1981) (said references incorporated by reference in their entire-
ties). The term "monoclonal antibody" as used herein is not limited to antibodies pro-
duced through hybridoma technology. The term "monoclonal antibody" refers to an
antibody that is derived from a single clone, including any eukaryotic, prokaryotic, or

phage clone, and not the method by which it is produced.

Methods for producing and screening for specific antibodies using hybridoma technolo-
gy are routine and well known in the art. In one embodiment, the present invention pro-
vides methods of generating monoclonal antibodies as well as antibodies produced by
the method comprising culturing a hybridoma cell secreting an antibody of the invention
wherein, e.g., the hybridoma is generated by fusing splenocytes isolated from a mouse
immunized with an antigen of the invention with myeloma cells and then screening the
hybridomas resulting from the fusion for hybridoma clones that secrete an antibody
able to bind a polypeptide of the invention. Briefly, mice can be immunized with an im-
munogenic product of the invention. In a particular embodiment, the antigen is adminis-

tered with a adjuvant to stimulate the immune response. Such adjuvants include com-
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plete or incomplete Freund's adjuvant, RIBI (muramyl dipeptides) or ISCOM (im-
munostimulating complexes). Such adjuvants may protect the polypeptide from rapid
dispersal by sequestering it in a local deposit, or they may contain substances that
stimulate the host to secrete factors that are chemotactic for macrophages and other
components of the immune system. Preferably, if a polypeptide is being administered,
the immunization schedule will involve two or more administrations of the polypeptide,

spread out over several weeks.

After immunization of an animal with an immunogenic product of the invention, antibod-
ies and/or antibody-producing cells may be obtained from the animal. An anti-product
antibody-containing serum is obtained from the animal by bleeding or sacrificing the
animal. The serum may be used as it is obtained from the animal, an immunoglobulin
fraction may be obtained from the serum, or the anti-product antibodies may be purified
from the serum. Serum or immunoglobulins obtained in this manner are polyclonal,

thus having a heterogeneous array of properties.

Once an immune response is detected, e.g., antibodies specific for the immunogenic
product of the invention are detected in the mouse serum, the mouse spleen is har-
vested and splenocytes isolated. The splenocytes are then fused by well-known tech-
niques to any suitable myeloma cells, for example cells from cell line SP20 available
from the ATCC. Hybridomas are selected and cloned by limited dilution. The hybridoma
clones are then assayed by methods known in the art for cells that secrete antibodies
capable of binding the immunogenic product of the invention. Ascites fluid, which gen-
erally contains high levels of antibodies, can be generated by immunizing mice with

positive hybridoma clones.

In another embodiment, antibody-producing immortalized hybridomas may be prepared
from the immunized animal. After immunization, the animal is sacrificed and the splenic
B cells are fused to immortalized myeloma cells as is well known in the art (See, e.g.,
Harlow and Lane, supra). In a particular embodiment, the myeloma cells do not secrete
immunoglobulin polypeptides (a non-secretory cell line). After fusion and antibiotic se-
lection, the hybridomas are screened using the immunogenic product of the invention,
or a portion thereof, or a cell expressing the immunogenic product of the invention. In a
particular embodiment, the initial screening is performed using an enzyme-linked im-
munoassay (ELISA) or a radioimmunoassay (RIA). An example of ELISA screening is

provided in WO 00/37504, herein incorporated by reference.
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Anti-product antibody-producing hybridomas are selected, cloned and further screened
for desirable characteristics, including robust hybridoma growth, high antibody produc-
tion and desirable antibody characteristics, as discussed further below. Hybridomas
may be cultured and expanded in vivo in syngeneic animals, in animals that lack an
immune system, e.g., nude mice, or in cell culture in vitro. Methods of selecting, cloning

and expanding hybridomas are well known to those of ordinary skill in the art.

In a particular embodiment, the hybridomas are mouse hybridomas, as described
above. In another particular embodiment, the hybridomas are produced in a non-
human, non-mouse species such as rats, sheep, pigs, goats, cattle or horses. In an-
other embodiment, the hybridomas are human hybridomas, in which a human non-

secretory myeloma is fused with a human cell expressing an anti-product antibody.

Antibody fragments that recognize specific epitopes may be generated by known tech-
niques. For example, Fab and F(ab')2 fragments of the invention may be produced by
proteolytic cleavage of immunoglobulin molecules, using enzymes such as papain (to
produce Fab fragments) or pepsin (to produce F(ab')2 fragments). F(ab')2 fragments
contain the variable region, the light chain constant region and the CH1 domain of the

heavy chain.

In another aspect of the invention, recombinant antibodies are generated from single,
isolated lymphocytes using a procedure referred to in the art as the selected lympho-
cyte antibody method (SLAM), as described in U.S. Patent No. 5,627,052, PCT Publi-
cation W092/02551 and Babcock, J.S. et al. (1996) Proc. Natl. Acad. Sci. USA
93:7843-7848. In this method, single cells secreting antibodies of interest, e.g., lym-
phocytes derived from any one of the immunized animals described in Section 1, are
screened using an antigen-specific hemolytic plaque assay, wherein the immunogenic
product of the invention, or a subunit thereof, is coupled to sheep red blood cells using
a linker, such as biotin, and used to identify single cells that secrete antibodies with
specificity for the immunogenic product of the invention. Following identification of anti-
body-secreting cells of interest, heavy- and light-chain variable region cDNAs are res-
cued from the cells by reverse transcriptase-PCR and these variable regions can then
be expressed, in the context of appropriate immunoglobulin constant regions (e.g., hu-
man constant regions), in mammalian host cells, such as COS or CHO cells. The host

cells transfected with the amplified immunoglobulin sequences, derived from in vivo
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selected lymphocytes, can then undergo further analysis and selection in vitro, for ex-

ample by panning the transfected cells to isolate cells expressing antibodies to AR(20-
42) globulomer. The amplified immunoglobulin sequences further can be manipulated

in vitro, such as by in vitro affinity maturation methods such as those described in PCT
Publication WO 97/29131 and PCT Publication WO 00/56772.

In another embodiment of the instant invention, antibodies are produced by immunizing
a non-human animal comprising some, or all, of the human immunoglobulin locus with
an immunogenic product antigen. In a particular embodiment, the non-human animal is
a XENOMOUSE transgenic mouse, an engineered mouse strain that comprises large
fragments of the human immunoglobulin loci and is deficient in mouse antibody produc-
tion. See, e.g., Green et al. Nature Genetics 7:13-21 (1994) and United States Patents
5,916,771, 5,939,598, 5,985,615, 5,998,209, 6,075,181, 6,091,001, 6,114,598 and
6,130,364. See also WO 91/10741, published July 25,1991, WO 94/02602, published
February 3, 1994, WO 96/34096 and WO 96/33735, both published October 31, 1996,
WO 98/16654, published April 23, 1998, WO 98/24893, published June 11, 1998, WO
98/50433, published November 12, 1998, WO 99/45031, published September 10,
1999, WO 99/53049, published October 21, 1999, WO 00 09560, published February
24,2000 and WO 00/037504, published June 29, 2000. The XENOMOUSE transgenic
mouse produces an adult-like human repertoire of fully human antibodies, and gener-
ates antigen-specific human monoclonal antibodies. The XENOMOUSE transgenic
mouse contains approximately 80% of the human antibody repertoire through introduc-
tion of megabase sized, germline configuration YAC fragments of the human heavy
chain loci and x light chain loci. See Mendez et al., Nature Genetics 15:146-156 (1997),
Green and Jakobovits J. Exp. Med. 188:483-495 (1998), the disclosures of which are
hereby incorporated by reference.

In vitro methods also can be used to make the antibodies of the invention, wherein an
antibody library is screened to identify an antibody having the desired binding specifici-
ty. Methods for such screening of recombinant antibody libraries are well known in the
art and include methods described in, for example, Ladner et al. U.S. Patent No.
5,223,409; Kang et al. PCT Publication No. W092/18619; Dower et al. PCT Publication
No. W091/17271; Winter et al. PCT Publication No. W092/20791; Markland et al. PCT
Publication No. W092/15679; Breitling et al. PCT Publication No. W0O93/01288;
McCafferty et al. PCT Publication No. W092/01047; Garrard et al. PCT Publication No.
WQ092/09690; Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al. (1992) Hum
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Antibod Hybridomas 3:81-85; Huse et al. (1989) Science 246:1275-1281; McCafferty et
al., Nature (1990) 348:552-554; Griffiths et al. (1993) EMBO J 12:725-734; Hawkins et
al. (1992) J Mol Biol 226:889-896; Clackson et al. (1991) Nature 352:624-628; Gram et
al. (1992) PNAS 89:3576-3580; Garrad et al. (1991) Bio/Technology 9:1373-1377;
Hoogenboom et al. (1991) Nuc Acid Res 19:4133-4137; and Barbas et al. (1991)
PNAS 88:7978-7982, US patent application publication 20030186374, and PCT
Publication No. W097/29131, the contents of each of which are incorporated herein by

reference.

The recombinant antibody library may be from a subject immunized with the immuno-
genic product of the invention, or a portion of the immunogenic product of the invention.
Alternatively, the recombinant antibody library may be from a naive subject, i.e., one
who has not been immunized with the immunogenic product of the invention, such as a
human antibody library from a human subject who has not been immunized with the
immunogenic product of the invention. Antibodies of the invention are selected by
screening the recombinant antibody library with the peptide comprising the immuno-
genic product of the invention to thereby select those antibodies that recognize the
immunogenic product of the invention and discriminate other Al-forms such as AR(1-
40) and AR(1-42)monomer, AR-fibrils and sAPPa. Methods for conducting such screen-
ing and selection are well known in the art, such as described in the references in the

preceding paragraph.

In one aspect, the invention pertains to an isolated antibody, or an antigen-binding por-
tion thereof, that binds the immunogenic product of the invention and discriminates
AR(1-40) and AR(1-42) monomer, AR-fibrils and sAPPa. According to one aspect, the
antibody is a neutralizing antibody. In various embodiments, the antibody is a recombi-

nant antibody or a monoclonal antibody.

For example, the antibodies of the present invention can also be generated using vari-
ous phage display methods known in the art. In phage display methods, functional an-
tibody domains are displayed on the surface of phage particles which carry the polynu-
cleotide sequences encoding them. In a particular, such phage can be utilized to dis-
play antigen-binding domains expressed from a repertoire or combinatorial antibody
library (e.g., human or murine). Phage expressing an antigen binding domain that binds
the antigen of interest can be selected or identified with antigen, e.g., using labeled

antigen or antigen bound or captured to a solid surface or bead. Phage used in these
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methods are typically filamentous phage including fd and M13 binding domains ex-
pressed from phage with Fab, Fv or disulfide stabilized Fv antibody domains recombi-
nantly fused to either the phage gene lll or gene VIII protein. Examples of phage dis-
play methods that can be used to make the antibodies of the present invention include
those disclosed in Brinkman et al., J. Immunol. Methods 182:41-50 (1995); Ames et al.,
J. Immunol. Methods 184:177-186 (1995); Kettleborough et al., Eur. J. Immunol.
24:952-958 (1994); Persic et al., Gene 187 9-18 (1997); Burton et al., Advances in Im-
munology 57:191-280 (1994); PCT application No. PCT/GB91/01134; PCT publications
W090/02809; W0O91/10737; W0O92/01047; W092/18619; W0O93/11236; W0O95/15982;
WO095/20401; and U.S. Pat. Nos. 5,698,426; 5,223,409; 5,403,484; 5,580,717;
5,427,908; 5,750,753; 5,821,047; 5,571,698; 5,427,908; 5,516,637; 5,780, 225;
5,658,727, 5,733,743 and 5,969,108; each of which is incorporated herein by reference
in its entirety.

As described in the above references, after phage selection, the antibody coding re-
gions from the phage can be isolated and used to generate whole antibodies including
human antibodies or any other desired antigen binding fragment, and expressed in any
desired host, including mammalian cells, insect cells, plant cells, yeast, and bacteria,
e.g., as described in detail below. For example, techniques to recombinantly produce
Fab, Fab' and F(ab")2 fragments can also be employed using methods known in the art
such as those disclosed in PCT publication W092/22324; Mullinax et al., BioTech-
niques 12(6):864-869 (1992); and Sawai et al., AJRI 34:26-34 (1995); and Better et al.,
Science 240:1041-1043 (1988) (said references incorporated by reference in their en-
tireties). Examples of techniques which can be used to produce single-chain Fvs and
antibodies include those described in U.S. Pat. 4,946,778 and 5,258, 498; Huston et
al., Methods in Enzymology 203:46-88 (1991); Shu et al., PNAS 90:7995-7999 (1993);
and Skerra et al., Science 240:1038-1040 (1988).

Alternative to screening of recombinant antibody libraries by phage display, other
methodologies known in the art for screening large combinatorial libraries can be ap-
plied to the identification of dual specificity antibodies of the invention. One type of al-
ternative expression system is one in which the recombinant antibody library is ex-
pressed as RNA-protein fusions, as described in PCT Publication No. WO 98/31700 by
Szostak and Roberts, and in Roberts, R.W. and Szostak, J.W. (1997) Proc. Natl. Acad.
Sci. USA 94:12297-12302. In this system, a covalent fusion is created between an

mMRNA and the peptide or protein that it encodes by in vitro translation of synthetic
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mRNAs that carry puromycin, a peptidyl acceptor antibiotic, at their 3’ end. Thus, a
specific MRNA can be enriched from a complex mixture of mMRNAs (e.g., a combinato-
rial library) based on the properties of the encoded peptide or protein, e.g., antibody, or
portion thereof, such as binding of the antibody, or portion thereof, to the dual specifici-
ty antigen. Nucleic acid sequences encoding antibodies, or portions thereof, recovered
from screening of such libraries can be expressed by recombinant means as described
above (e.g., in mammalian host cells) and, moreover, can be subjected to further affini-
ty maturation by either additional rounds of screening of mMRNA-peptide fusions in
which mutations have been introduced into the originally selected sequence(s), or by
other methods for affinity maturation in vitro of recombinant antibodies, as described

above.

In another approach the antibodies of the present invention can also be generated us-
ing yeast display methods known in the art. In yeast display methods, genetic methods
are used to tether antibody domains to the yeast cell wall and display them on the sur-
face of yeast. In particular, such yeast can be utilized to display antigen-binding do-
mains expressed from a repertoire or combinatorial antibody library (e.g., human or
murine). Examples of yeast display methods that can be used to make the antibodies
of the present invention include those disclosed Wittrup, et al. U.S. Patent No.

6,699,658 incorporated herein by reference.

Antibodies of the present invention may be produced by any of a number of techniques
known in the art. For example, expression from host cells, wherein expression vector(s)
encoding the heavy and light chains is (are) transfected into a host cell by standard
techniques. The various forms of the term "transfection" are intended to encompass a
wide variety of techniques commonly used for the introduction of exogenous DNA into
a prokaryotic or eukaryotic host cell, e.g., electroporation, calcium-phosphate precipita-
tion, DEAE-dextran transfection and the like. It is possible to express the antibodies of
the invention in either prokaryotic or eukaryotic host cells. According to a particular as-
pect of the invention, expression of antibodies is performed using eukaryotic cells, for
example mammalian host cells, because such eukaryotic cells (and in particular mam-
malian cells) are more likely than prokaryotic cells to assemble and secrete a properly

folded and immunologically active antibody.

According to one aspect, mammalian host cells for expressing the recombinant anti-

bodies of the invention include Chinese Hamster Ovary (CHO cells) (including dhfr-
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CHO cells, described in Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA
77:4216-4220, used with a DHFR selectable marker, e.g., as described in R.J. Kauf-
man and P.A. Sharp (1982) Mol. Biol. 159:601-621), NSO myeloma cells, COS cells
and SP2 cells. When recombinant expression vectors encoding antibodies genes are
introduced into mammalian host cells, the antibodies are produced by culturing the host
cells for a period of time sufficient to allow for expression of the antibodies in the host
cells or secretion of the antibodies into the culture medium in which the host cells are
grown. Antibodies can be recovered from the culture medium using standard protein

purification methods.

Host cells can also be used to produce functional antibody fragments, such as Fab
fragments or scFv molecules. It will be understood that variations on the above proce-
dure are within the scope of the present invention. For example, it may be desirable to
transfect a host cell with DNA encoding functional fragments of either the light chain
and/or the heavy chain of an antibody of this invention. Recombinant DNA technology
may also be used to remove some, or all, of the DNA encoding either or both of the
light and heavy chains that is not necessary for binding to the antigens of interest. The
molecules expressed from such truncated DNA molecules are also encompassed by
the antibodies of the invention. In addition, bifunctional antibodies may be produced in
which one heavy and one light chain are an antibody of the invention and the other
heavy and light chain are specific for an antigen other than the antigens of interest by
crosslinking an antibody of the invention to a second antibody by standard chemical

crosslinking methods.

In a particular system for recombinant expression of an antibody, or antigen-binding
portion thereof, of the invention, a recombinant expression vector encoding both the
antibody heavy chain and the antibody light chain is introduced into dhfr- CHO cells by
calcium phosphate-mediated transfection. Within the recombinant expression vector,
the antibody heavy and light chain genes are each operatively linked to CMV enhanc-
er/AdMLP promoter regulatory elements to drive high levels of transcription of the
genes. The recombinant expression vector also carries a DHFR gene, which allows for
selection of CHO cells that have been transfected with the vector using methotrexate
selection/amplification. The selected transformant host cells are cultured to allow for
expression of the antibody heavy and light chains and intact antibody is recovered from
the culture medium. Standard molecular biology techniques are used to prepare the

recombinant expression vector, transfect the host cells, select for transformants, cul-
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ture the host cells and recover the antibody from the culture medium. Still further the
invention provides a method of synthesizing a recombinant antibody of the invention by
culturing a host cell of the invention in a suitable culture medium until a recombinant
antibody of the invention is synthesized. The method can further comprise isolating the

recombinant antibody from the culture medium.

A chimeric antibody is a molecule in which different portions of the antibody are derived
from different animal species, such as antibodies having a variable region derived from
a murine monoclonal antibody and a human immunoglobulin constant region. Methods
for producing chimeric antibodies are known in the art and discussed in detail herein.
See e.g., Morrison, Science 229:1202 (1985); Oi et al., BioTechniques 4:214 (1986);
Gillies et al., (1989) J. Immunol. Methods 125:191-202; U.S. Pat. Nos. 5,807,715;
4,816,567; and 4,816,397, which are incorporated herein by reference in their entire-
ties. In addition, techniques developed for the production of "chimeric antibodies” (Mor-
rison et al., 1984, Proc. Natl. Acad. Sci. 81:851-855; Neuberger et al., 1984, Nature
312:604-608; Takeda et al., 1985, Nature 314:452-454 which are incorporated herein
by reference in their entireties) by splicing genes from a mouse antibody molecule of
appropriate antigen specificity together with genes from a human antibody molecule of

appropriate biological activity can be used.

CDR-grafted antibodies of the invention comprise heavy and light chain variable region
sequences from a human antibody wherein one or more of the CDR regions of VH
and/or VL are replaced with CDR sequences of the murine antibodies of the invention.
A framework sequence from any human antibody may serve as the template for CDR
grafting. However, straight chain replacement onto such a framework often leads to
some loss of binding affinity to the antigen. The more homologous a human antibody is
to the original murine antibody, the less likely the possibility that combining the murine
CDRs with the human framework will introduce distortions in the CDRs that could re-
duce affinity. Therefore, the human variable framework chosen to replace the murine
variable framework apart from the CDRs have for example at least a 65% sequence
identity with the murine antibody variable region framework. The human and murine
variable regions apart from the CDRs have for example at least 70%, least 75% se-
quence identity, or at least 80% sequence identity. Methods for producing chimeric
antibodies are known in the art and discussed in detail herein. (also see EP 239,400;
PCT publication WO 91/09967; U.S. Pat. Nos. 5,225,539; 5,530,101; and 5,585,089),
veneering or resurfacing (EP 592,106; EP 519,596; Padlan, Molecular Immunology
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28(4/5):489-498 (1991); Studnicka et al., Protein Engineering 7(6):805-814 (1994); Ro-
guska et al., PNAS 91:969-973 (1994)), and chain shuffling (U.S. Pat. No. 5,565,352).

Humanized antibodies are antibody molecules from non-human species antibody that
binds the desired antigen having one or more complementarity determining regions
(CDRs) from the non-human species and framework regions from a human immuno-

globulin molecule.

Known human Ig sequences are disclosed, e.g., www.ncbi.nlm.nih.gov/entrez-
/query.fcgi; www.atcc.org/phage/hdb.html; www.sciquest.com/; www.abcam.com/;
www.antibodyresource.com/onlinecomp.html;
www.public.iastate.edu/.about.pedro/research_tools.html; www.mgen.uni-
heidelberg.de/SD/IT/IT.html; www.whfreeman.com/immunology/CH- 05/kuby05.htm;
www.library.thinkquest.org/12429/Immune/Antibody.html;
www.hhmi.org/grants/lectures/1996/vlab/; www.path.cam.ac.uk/.about.mrc7/m-
ikeimages.html; www.antibodyresource.com/; mcb.harvard.edu/BioLinks/Immuno- lo-
gy.html.www.immunologylink.com/; pathbox.wustl.edu/.about.hcenter/index.- html;
www.biotech.ufl.edu/.about.hcl/; www.pebio.com/pa/340913/340913.html-;
www.nal.usda.gov/awic/pubs/antibody/; www.m.ehime-u.acjp/.about.yasuhito-
[/Elisa.html; www.biodesign.com/table.asp; www.icnet.uk/axp/facs/davies/lin- ks.html;
www.biotech.ufl.edu/.about.fccl/protocol.html; www.isac-net.org/sites_geo.html; ax-
imtl.imt.uni-marburg.de/.about.rek/AEP- Start.html; bas-
erv.uci.kun.nl/.about.jraats/linksl.html; www.recab.uni-hd.de/immuno.bme.nwu.edu/;
www.mrc-cpe.cam.ac.uk/imt-doc/pu- blic/INTRO.html;
www.ibt.unam.mx/vir/V_mice.html; imgt.cnusc.fr:8104/;
www.biochem.ucl.ac.uk/.about.martin/abs/index.html; antibody.bath.ac.uk/;
abgen.cvm.tamu.edu/lab/wwwabgen.html; www.unizh.ch/.about.honegger/AHOsem-
inar/Slide01.html; www.cryst.bbk.ac.uk/.about.ubcg07s/;
www.nimr.mrc.ac.uk/CC/ccaewg/ccaewg.htm; www.path.cam.ac.uk/.about.mrc7/h-
umanisation/TAHHP.html; www.ibt.unam.mx/vir/structure/stat_aim.htmil;
www.biosci.missouri.edu/smithgp/index.html; www.cryst.bioc.cam.ac.uk/.abo-
ut.fmolina/Web-pages/Pept/spottech.html; www.jerini.de/fr roducts.htm;
www.patents.ibm.com/ibm.html.Kabat et al., Sequences of Proteins of Immunological
Interest, U.S. Dept. Health (1983), each entirely incorporated herein by reference. Such

imported sequences can be used to reduce immunogenicity or reduce, enhance or
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modify binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any other suita-

ble characteristic, as known in the art.

Framework residues in the human framework regions may be substituted with the cor-
responding residue from the CDR donor antibody to alter, preferably improve, antigen
binding. These framework substitutions are identified by methods well known in the art,
e.g., by modeling of the interactions of the CDR and framework residues to identify
framework residues important for antigen binding and sequence comparison to identify
unusual framework residues at particular positions. (See, e.g., Queen et al., U.S. Pat.
No. 5,585,089; Riechmann et al., Nature 332:323 (1988), which are incorporated here-
in by reference in their entireties.) Three-dimensional immunoglobulin models are
commonly available and are familiar to those skilled in the art. Computer programs are
available which illustrate and display probable three-dimensional conformational struc-
tures of selected candidate immunoglobulin sequences. Inspection of these displays
permits analysis of the likely role of the residues in the functioning of the candidate im-
munoglobulin sequence, i.e., the analysis of residues that influence the ability of the
candidate immunoglobulin to bind its antigen. In this way, FR residues can be selected
and combined from the consensus and import sequences so that the desired antibody
characteristic, such as increased affinity for the target antigen(s), is achieved. In gen-
eral, the CDR residues are directly and most substantially involved in influencing anti-
gen binding. Antibodies can be humanized using a variety of techniques known in the
art, such as but not limited to those described in Jones et al., Nature 321:522 (1986);
Verhoeyen et al., Science 239:1534 (1988), Sims et al., J. Immunol. 151: 2296 (1993);
Chothia and Lesk, J. Mol. Biol. 196:901 (1987), Carter et al., Proc. Natl. Acad. Sci.
U.S.A. 89:4285 (1992); Presta et al., J. Immunol. 151:2623 (1993), Padlan, Molecular
Immunology 28(4/5):489-498 (1991); Studnicka et al., Protein Engineering 7(6):805-
814 (1994); Roguska. et al. , PNAS 91:969-973 (1994); PCT publication WO 91/09967,
PCT/: US98/16280, US96/18978, US91/09630, US91/05939, US94/01234,
GB89/01334, GB91/01134, GB92/01755; W0O90/14443, WO90/14424, W0O90/14430,
EP 229246, EP 592,106; EP 519,596, EP 239,400, U.S. Pat. Nos. 5,565,332,
5,723,323, 5,976,862, 5,824,514, 5,817,483, 5814476, 5763192, 5723323, 5,766886,
5,714,352, 6,204,023, 6,180,370, 5,693,762, 5,530,101, 5,585,089, 5,225,539;
4,816,567, each entirely incorporated herein by reference, included references cited

therein.
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In certain embodiments, the antibody comprises a heavy chain constant region, such
as an 1gG1, 19G2, 19G3, 1gG4, IgA, IgE, IgM or IgD constant region. According to one
aspect, the heavy chain constant region is an IgG1 heavy chain constant region or an
IgG4 heavy chain constant region. According to a further aspect, the antibody compris-
es a light chain constant region, either a kappa light chain constant region or a lambda
light chain constant region. According to one aspect, the antibody comprises a kappa
light chain constant region. An antibody portion can be, for example, a Fab fragment or

a single chain Fv fragment.

Replacements of amino acid residues in the Fc portion to alter antibody effector func-
tion are known in the art (Winter, et al. US Patent Nos. 5,648,260 and 5,624,821). The
Fc portion of an antibody mediates several important effector functions e.g. cytokine
induction, ADCC, phagocytosis, complement dependent cytotoxicity (CDC) and half-
life/ clearance rate of antibody and antigen-antibody complexes. In some cases these
effector functions are desirable for therapeutic antibody but in other cases might be
unnecessary or even deleterious, depending on the therapeutic objectives. Certain
human IgG isotypes, particularly IgG1 and 1gG3, mediate ADCC and CDC via binding
to FcyRs and complement C1q, respectively. Neonatal Fc receptors (FCRn) are the
critical components determining the circulating half-life of antibodies. In still another
embodiment at least one amino acid residue is replaced in the constant region of the
antibody, for example the Fc region of the antibody, such that effector functions of the

antibody are altered.

One embodiment provides a labeled antibody wherein an antibody of the invention is
derivatized or linked to another functional molecule (e.g., another peptide or protein).
For example, a labeled antibody of the invention can be derived by functionally linking
an antibody of the invention (by chemical coupling, genetic fusion, noncovalent associ-
ation or otherwise) to one or more other molecular entities, such as another antibody
(e.g., a bispecific antibody or a diabody), a detectable agent, a pharmaceutical agent,
and/or a protein or peptide that can mediate association of the antibody with another

molecule (such as a streptavidin core region or a polyhistidine tag).

Useful detectable agents with which an antibody of the invention may be derivatized
include fluorescent compounds. Exemplary fluorescent detectable agents include fluo-
rescein, fluorescein isothiocyanate, rhodamine, 5-dimethylamine-1-napthalenesulfonyl

chloride, phycoerythrin and the like. An antibody may also be derivatized with detecta-
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ble enzymes, such as alkaline phosphatase, horseradish peroxidase, glucose oxidase
and the like. When an antibody is derivatized with a detectable enzyme, it is detected
by adding additional reagents that the enzyme uses to produce a detectable reaction
product. For example, when the detectable agent horseradish peroxidase is present,
the addition of hydrogen peroxide and diaminobenzidine leads to a colored reaction
product, which is detectable. An antibody may also be derivatized with biotin, and de-

tected through indirect measurement of avidin or streptavidin binding.

Another embodiment of the invention provides a crystallized antibody. According to one
aspect, the invention relates to crystals of whole anti-Al3(20-42) globulomer antibodies
and fragments thereof as disclosed herein, and formulations and compositions com-
prising such crystals. According to a further aspect, the crystallized antibody has a
greater half-life in vivo than the soluble counterpart of the antibody. According to a fur-

ther aspect, the antibody retains biological activity after crystallization.

Crystallized antibody of the invention may be produced according methods known in
the art and as disclosed in WO02/072636, incorporated herein by reference.

Another embodiment of the invention provides a glycosylated antibody wherein the
antibody comprises one or more carbohydrate residues. Nascent in vivo protein pro-
duction may undergo further processing, known as post-translational modification. In
particular, sugar (glycosyl) residues may be added enzymatically, a process known as
glycosylation. The resulting proteins bearing covalently linked oligosaccharide side

chains are known as glycosylated proteins or glycoproteins.

Antibodies are glycoproteins with one or more carbohydrate residues in the Fc domain,
as well as the variable domain. Carbohydrate residues in the Fc domain have important
effect on the effector function of the Fc domain, with minimal effect on antigen binding
or half-life of the antibody (R. Jefferis, Biotechnol. Prog. 21 (2005), pp. 11-16). In con-
trast, glycosylation of the variable domain may have an effect on the antigen binding
activity of the antibody. Glycosylation in the variable domain may have a negative ef-
fect on antibody binding affinity, likely due to steric hindrance (Co, M.S., et al., Mol.
Immunol. (1993) 30:1361-1367), or result in increased affinity for the antigen (Wallick,
S.C., et al., Exp. Med. (1988) 168:1099-1109; Wright, A., et al., EMBO J. (1991)
10:2717 2723).
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One aspect of the present invention is directed to generating glycosylation site mutants
in which the O- or N-linked glycosylation site of the antibody has been mutated. One
skilled in the art can generate such mutants using standard well-known technologies.
The creation of glycosylation site mutants that retain the biological activity but have

increased or decreased binding activity is another object of the present invention.

In still another embodiment, the glycosylation of the antibody of the invention is modi-
fied. For example, an aglycoslated antibody can be made (i.e., the antibody lacks gly-
cosylation). Glycosylation can be altered to, for example, increase the affinity of the
antibody for antigen. Such carbohydrate modifications can be accomplished by, for
example, altering one or more sites of glycosylation within the antibody sequence. For
example, one or more amino acid substitutions can be made that result in elimination of
one or more variable region glycosylation sites to thereby eliminate glycosylation at that
site. Such aglycosylation may increase the affinity of the antibody for antigen. Such an
approach is described in further detail in International Applin. Publication No.
WOO03/016466A2, and U.S. Pat. Nos. 5,714,350 and 6,350,861, each of which is incor-

porated herein by reference in its entirety.

Additionally or alternatively, a modified antibody of the invention can be made that has
an altered type of glycosylation, such as a hypofucosylated antibody having reduced
amounts of fucosyl residues or an antibody having increased bisecting GIcNAc struc-
tures. Such altered glycosylation patterns have been demonstrated to increase the
ADCC ability of antibodies. Such carbohydrate modifications can be accomplished by,
for example, expressing the antibody in a host cell with altered glycosylation machin-
ery. Cells with altered glycosylation machinery have been described in the art and can
be used as host cells in which to express recombinant antibodies of the invention to
thereby produce an antibody with altered glycosylation. See, for example, Shields, R.
L. et al. (2002) J. Biol. Chem. 277:26733-26740; Umana et al. (1999) Nat. Biotech.
17:176-1, as well as, European Patent NO.: EP1,176,195; International Appln. Publica-
tion Nos. WO03/035835 and W099/54342 80, each of which is incorporated herein by

reference in its entirety.

Protein glycosylation depends on the amino acid sequence of the protein of interest, as
well as the host cell in which the protein is expressed. Different organisms may pro-
duce different glycosylation enzymes (e.g., glycosyltransferases and glycosidases),

and have different substrates (nucleotide sugars) available. Due to such factors, pro-
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tein glycosylation pattern, and composition of glycosyl residues, may differ depending
on the host system in which the particular protein is expressed. Glycosyl residues use-
ful in the invention may include, but are not limited to, glucose, galactose, mannose,
fucose, n-acetylglucosamine and sialic acid. According to one aspect, the glycosylated

antibody comprises glycosyl residues such that the glycosylation pattern is human.

It is known to those skilled in the art that differing protein glycosylation may result in
differing protein characteristics. For instance, the efficacy of a therapeutic protein pro-
duced in a microorganism host, such as yeast, and glycosylated utilizing the yeast en-
dogenous pathway may be reduced compared to that of the same protein expressed in
a mammalian cell, such as a CHO cell line. Such glycoproteins may also be immuno-
genic in humans and show reduced half-life in vivo after administration. Specific recep-
tors in humans and other animals may recognize specific glycosyl residues and pro-
mote the rapid clearance of the protein from the bloodstream. Other adverse effects
may include changes in protein folding, solubility, susceptibility to proteases, trafficking,
transport, compartmentalization, secretion, recognition by other proteins or factors,
antigenicity, or allergenicity. Accordingly, a practitioner may prefer a therapeutic protein
with a specific composition and pattern of glycosylation, for example glycosylation
composition and pattern identical, or at least similar, to that produced in human cells or

in the species-specific cells of the intended subject animal.

Expressing glycosylated proteins different from that of a host cell may be achieved by
genetically modifying the host cell to express heterologous glycosylation enzymes. Us-
ing techniques known in the art a practitioner may generate antibodies exhibiting hu-
man protein glycosylation. For example, yeast strains have been genetically modified
to express non-naturally occurring glycosylation enzymes such that glycosylated pro-
teins (glycoproteins) produced in these yeast strains exhibit protein glycosylation iden-
tical to that of animal cells, especially human cells (U.S Patent Application Publication
Nos. 20040018590 and 20020137134; and WO05/100584).

Another embodiment is directed to an anti-idiotypic (anti-Id) antibody specific for such
antibodies of the invention. An anti-ld antibody is an antibody, which recognizes unique
determinants generally associated with the antigen-binding region of another antibody.
The anti-Id can be prepared by immunizing an animal with the antibody or a CDR con-
taining region thereof. The immunized animal will recognize, and respond to the idi-

otypic determinants of the immunizing antibody and produce an anti-Id antibody. The
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anti-ld antibody may also be used as an "immunogen" to induce an immune response

in yet another animal, producing a so-called anti-anti-Id antibody.

Further, it will be appreciated by one skilled in the art that a protein of interest may be
expressed using a library of host cells genetically engineered to express various glyco-
sylation enzymes, such that member host cells of the library produce the protein of in-
terest with variant glycosylation patterns. A practitioner may then select and isolate the
protein of interest with particular novel glycosylation patterns. According to a further
aspect, the protein having a particularly selected novel glycosylation pattern exhibits

improved or altered biological properties.

In a further aspect, the invention also relates to the use of the immunogenic product of
the invention for providing an aptamer that binds to the immunogenic product (hereinaf-
ter also referred to as anti-product aptamer). Accordingly, the invention relates also to a
method for providing an aptamer having specificity for the immunogenic product as
defined herein, which method comprises at least the steps of

a) providing a binding target comprising the immunogenic product;

b) exposing an aptamer repertoire or potential aptamer repertoire to said binding target;
and

¢) selecting from said repertoire an aptamer which specifically binds to said immuno-

genic product.

An “aptamer” herein refers to oligonucleic acid or peptide molecules that are capable of
specific, non-covalent binding to its target. Apatmer preferably comprise peptide, DNA
or RNA sequence, more preferably peptide, DNA or RNA sequence of about 3 to 100
monomers, which may at one end or both ends be attached to a larger molecule, pref-
erably a larger molecule mediating biochemical functions, more preferably a larger
molecule inducing inactivation and/or degradation, most preferably ubiquitin, or prefer-
ably a larger molecule facilitating destruction, more preferably an enzyme or a fluores-

cent protein.

Here it is to be understood that a “potential aptamer repertoire” refers to any library,
collection, assembly or set of amino acid sequences or nucleic acid sequences or to
any generator of such a library, collection, assembly or set of amino acid sequences

that can be used for producing an aptamer repertoire in vivo or in vitro.
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In another aspect, the invention also provides aptamers that bind to the immunogenic

products as defined herein.

In a preferred embodiment of the invention, the aptamer is obtainable by a method
comprising selecting the aptamer from a repertoire or potential repertoire as described

herein.

According to a particularly preferred embodiment, the present invention provides im-
munogenic product-specific aptamers. These include in particular aptamers having a
comparatively smaller affinity for both the monomeric and fibrillomeric forms of AB pep-

tide than for the immunogenic product of the invention.

The agents that are capable of binding to the immunogenic product of the invention
also have many potential applications, some of which are described in the following.

They are especially useful for therapeutic and diagnostic purposes.

The present invention further relates to a molecule comprising an amino acid sequence
identical to a portion (X.-Y) of an amino acid sequence selected from the group consist-

ing of:

D1A2E3sF4RsHeD7S8GoY 10E11V12H13H14Q1sK16L17V 18A19F 20A21E 22D23V 24 G 25S 26N 27K 28
G20A30131132G33L34M35V36G37G38V30Vao0la1As2T4s [SEQ ID NO:13; AB(1-43)F19A];
D1A2E3sF4RsHeD7S8GoY 10E11V12H13H14Q1sK16L17V 18F 16A20A21E 22D23V 24 G 25S 26N27K 28
G20A30131132G33L34M35V36G37G38Va0Vaola1As2 Tas [SEQ ID NO:14; AB(1-43)F20A];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14QusK16L 17V 18F 10F 20A21A22D 23V 24 G258 26N 27K 28
G20A30l31132G33L34M35V36G37G38VagVaola1Asa Tas [SEQ ID NO:15; AR(1-43)E22A];
D1A2E3sF4RsHeD785GoY 10E11V12H13H14Q1sK16L17V 18F 10F 20A21F 22D 23V 24G 258 26N27K 28
G20A30131132G33L34M35V36G37G38VaoVaola1As2Tas [SEQ ID NO:16; AB(1-43)E22F];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q15K16L17V 18F 10F 20A21V22D 23V 24 G258 26 N27Kos
G20As0l31132G33L34M35V36G37G38VagVaola1As2T4s [SEQ ID NO:17; AB(1-43)E22V];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14Qu15K16L 17V 18F 10F 20A21L.22D23V24 G258 26N 27K s
G20A30131132G33L34M35V36G37G38Va9Vaola1As2 T4z [SEQ ID NO:18; AB(1-43)E22L];
D1A2E3F4RsHeD7S8GoY 10E11V12H13H14Q15K16L17V 18F 10F 20A21E 20K 23V 24 G258 26N27 K 28
G20A30131132G33L34M35V36G37G38V39Vao0la1As2T4s [SEQ ID NO:19; AB(1-43)D23K];
D1A2E3F4RsHsD7S8GoY 10E11V12H13H14QusK16L 17V 18F 10F 20A21E 22023V 24 G258 26N 27K 28
G20A30131132G33L34M35V36G37G38Va0Vaola1As2 T4z [SEQ ID NO:20; AB(1-43)D23L];
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D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19F20A21E22D23V24VZSS26N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAsz2 Tas [SEQ ID NO:21; AR(1-43)G25V];
D1A2E3F4R5H6D7S8G9Y10E11V12H13H14Q15K16L17V18F19F20A21E22D23V24GZ5826N27K28
G20G30l31132G33L34M35V36G37G3sVa9Vaola1As2T4s [SEQ 1D NO:22; AR(1-43)A30G];
D1A2E3F4R5H6D7S8G9Y10E11V12H13H14Q15K16|—17V18F1QGZOA21A22D23V24G25826N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAsa Tas [SEQ ID NO:23; AR(1-43)F20G E22A];
D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19A20A21E22D23V24GZSSZGN27K28
G20A30A31132G33L34M35V36G37G3sVaeVaola1Asa T43 [SEQ ID NO:24; AR(1-43)F20A 131A];
D1A2E3F4R5H6D788G9Y10E11V12H13H14Q15K16L17V18F19020A21E22D23V24G25826N27K28
G20A30C31132G33L34M35V36G37GasVagVaola1Asz Tz [SEQ ID NO:25; AB(1-43)F20C I131CJ;
D1A2E3F4R5H6D7SSG9Y1OE11V12H13H14Q15K16L17V18F19F20021 L22D23V24625326N27K28
G20A30l31132G33L34M35V36G37G38V3eVaolarAs2 Ta3 [SEQ ID NO:26; AB(1-43)A21Q E22L];
D1A2E3F4R5H6D7SSG9Y1OE11V12H13H14Q15K16L17V18F19F20L21022D23V24625326N27K28
G20A30l31132G33L34M35V36G37G38VaeVaolarAs2 Ta3 [SEQ ID NO:27; AB(1-43)A21L E22Q];
D1A2E3F4R5H6D7SSG9Y10E11V12H13H14Q15K16L17V18F19F20021E22N23V24625826N27K28
G20A30l31132G33L34M35V36G37G38Va0VaolarAs2 Tas [SEQ ID NO:28; AB(1-43)A21Q D23N];
D1A2E3F4R5H6D7SSG9Y10E11V12H13H14Q15K16|—17V18F19F20A21A22D23V24A25326N27K28
G20A30l31132G33L34M35V36G37G38VaeVaola1Asz T43 [SEQ ID NO:29; AR(1-43)E22A G25A];
and
D1A2E3F4R5H6D7SSG9Y1OE11V12H13H14Q15K16L17V18F19F20A21A22D23V24GZSA26N27K28
GZQA30|31|32G33|—34M35V36637G38V39V40|41A42T43 [SEQ ID NO30: AB(1'43)E22A 826A],

with X being selected from the group consisting of the numbers 1 .. 18,4 .. 18,12 .. 18
or being 18 and Y being selected from the group consisting of the numbers 33..43, 33 ..
42,33 .. 41, or 33 .. 40; or a crosslinked derivative thereof, wherein at least 2 non-
contiguous residues of the amino acid sequence are covalently linked with each other.
In a particular embodiments of said molecule or crosslinked derivative thereof, (X-Y) is
selected from the group consisting of (1-42), (4-42), (12-42), or (18- 42).

EXAMPLES

AB mutein peptides were synthesized using standard methods.
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EXAMPLE 1: PREPARATION OF AR MUTEIN OLIGOMER

a) AB(1-42) E22A mutein oligomer:

The AB(1-42) E22A peptide which was obtained via peptide synthesis (MoBiTec
GmbH, Géttingen, Germany) was suspended in 100% 1,1,1,3,3,3-hexafluoro-2-
propanol (HFIP) at 6 mg/ml and incubated for complete solubilization under shaking at
37°C for 2.5 h. The HFIP acts as a hydrogen-bond breaker and is used to eliminate
pre-existing structural inhomogeneities in the AB peptide. HFIP was removed by evapo-
ration in a SpeedVac and AB(1-42) E22A resuspended at a concentration of 5 mM in
dimethylsulfoxide and sonicated for 20 s. The HFIP-pre-treated AB(1-42) E22A was
diluted in phosphate-buffered saline (PBS) (20 mM NaH,P04, 140 mM NaCl, pH 7.4)
to 400 yM and 1/10 volume 2% sodium dodecyl sulfate (SDS) (in H,O) added (final
concentration of 0.2% SDS). The solution was incubated for 6 h at 37°C. Next, the so-
lution was further diluted with three volumes of H,O and incubated for 18 h at 37°C
which lead to the generation of the AB(1-42) E22A mutein oligomer. After centrifugation
at 3000 g for 20 min the sample was two times dialyzed at room temperature against
0.5 | of buffer (6 mM sodium phosphate, 35 mM NaCl, pH 7.4) in a dialysis tube for 2.5
h. The dialysate was 15-fold concentrated by ultrafiltration (30 kDa cut-off), centrifuged
at 10,000 g for 5 min and the supernatant comprising the AB(1-42) E22A mutein oligo-

mer withdrawn.

b) Truncated AR E22A mutein oligomer:

30 pl of a 1 mg/ml thermolysin solution (Sigma) in H,O were added to 0.8 ml of AB(1-
42) E22A mutein oligomer preparation prepared according to Example 1a. The reaction
mixture was shaken at 30°C for 20 h. Then, 4 yl of a 100 mM EDTA solution, pH 7.4, in
water were added and the mixture was furthermore adjusted to an SDS content of
0.1% with 8 pl of a 10% strength SDS solution. The reaction mixture was shaken for 10
min at room temperature and then dialyzed at room temperature against 0.5 | of buffer
(56 mM sodium phosphate, 35 mM NaCl, 0.1% SDS, pH 7.4) in a dialysis tube for 6 h
and after exchange of the dialysis buffer for further 20 h. The dialysate was removed

and stored at -80°C for further usage.

c¢) Ethanol precipitated truncated AR E22A mutein oligomer:
For the use of antigen in active immunization the truncated A E22A mutein oligomer
from example 1b was ethanol precipitated. To this end one part (v/v; e.g. 1 ml) of trun-

cated AB mutein oligomer with a concentration of 0.5-10 mg/ml was thawed at room
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temperature. Then 8 parts (v/v; e.g. 8 ml) ice cold ethanol were added to the sample.
The sample was briefly mixed and 1 part (v/v, based on the initial volume of truncated
AB mutein oligomer; e.g. 1ml) 10x-PBS (Fa. Gibco, cat.n0.14200-067) were added.
Subsequently the sample was briefly mixed again and incubated for 30 min in an ice
bath. The sample was centrifuged for 20 min at 3000 g and the supernatant was dis-
carded. The remaining pellet was suspended with an appropriate volume 5 mM
NaH,PO,, 35 mM NacCl, pH 7.4 to a final concentration of 1 mg/ml. After 10 min cooling
in an ice bath the sample was sonicated with an ultra sonicator (UP 200s Dr. Hielscher
GmbH) for 5 x 3 seconds at 0°C in an ice bath (with intermediate cooling for 10 sec on
ice) at 50% of the maximum power. After this step the sample was aliquoted and frozen
at —80°C until further use.

Using the procedures of examples 1a, 1b and 1¢, the AR mutein oligomers listed in
table 2 below were prepared, subjected to proteolytic digestion and precipitated from
ethanol.

EXAMPLE 2: SURFACE-ENHANCED LASER DESORPTION IONIZATION-MASS
SPECTROMETRY (SELDI-MS) SEMI-QUANTITATIVE DETERMINATION OF AB
PEPTIDE COMPOSITION OF TRUNCATED AB MUTEIN OLIGOMERS

1 ul truncated AR E22A mutein oligomer from example 1b was diluted with 249 ul 50%
acetonitrile; 0.5% TFA (500 pl acetonitrile + 500 pl 1 % TFA ). 1 ul sample was spotted
onto a H4 Protein Chip Array (BioRad; Cat. no. C57-30028). The spots were allowed to
dry on a warm incubator plate at 40°C. CHCA-solution was prepared as follows: 5 mg
CHCA (BioRad; Cat. no. C30-00001) were dissolved in 150 ul acetonitrile + 150 pl 1 %
TFA = stock solution (stored at -20°C). 10 pl of the stock solution were diluted with 20
ul acetonitrile and 20 pl 1 % TFA to give the working CHCA-solution. 2 pl of the work-
ing CHCA-solution was applied onto the spots. The spots were allowed to dry on a
warm incubator plate at 40°C and analyzed by SELDI-MS (Surface-Enhanced Laser
Desorption lonization-Mass Spectrometry; BioRad, Protein chip SELDI system enter-
prise edition) using the following parameters: mass range: 500 to 10000 Da; focus
mass: 2220 Da; matrix attenuation: 500 Da; sampling rate: 400 MHz; warming shots: 2
with energy: 1100 nj; data shots: 10 with energy 1000 nJoule; partition 1 of 3. The trun-
cated forms of the other AR mutein oligomers listed in table 2 were subjected to the
same procedure.
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It was observed that the AR peptide compositions of the truncated AB mutein oligomers
varies. In table 2, the amounts of characteristic AB-peptide fragments for each truncat-

ed AB mutein oligomer are indicated.

Table 2: Seldi-MS analysis of different truncated A mutein oligomers

Mutein

Seldi-MS

AB(1-42) V18A

< 5% AR4-42

AB(1-42) F19A

< 5% AR4-42

AB(1-42) F20A

ca. 5% AR4-42

AB(1-42) A21G

< 5% AR4-42

AB(1-42) E22A

>50% AR24-42

AB(1-42) D23A

>80% AR23-42

AB(1-42) V24A

< 5% AR24-42

AB(1-42) G25A
AB(1-42) S26A
AB(1-42) N27A

ca. 10% AR4-42
60% AR20-42 ; 40% AR24-42
< 5% AR24-42

ca. 10% AlR4-42
ca. 5% AR20-42 ; ca. 5% AR4-42

AB(1-42) K28A
AB(1-42) G29A

AB(1-42) A30G
AB(1-42) 131A
AB(1-42) 132A
AB(1-42) G33A
AB(1-42) A21Q
AB(1-42) A21L

ca.20% AR24-42 ; ca.10% AR4-42
ca.40% AR4-42
ca.10% AR4-42
ca.15% AR24-42
ca.15% AR24-42
ca.50% AR21-42, < 5% AR4-30

< 5% AR24-42
ca.20% AR4-42 (old procedure)
ca.20% AR4-42
< 5% AR4-42

AB(1-42) E22G
AB(1-42) E22Q
AB(1-42) E22K
AB(1-42) E22D
AB(1-42) E22L
AB(1-42) D23N
AB(1-42) D23L
AR(1-42) E22F

>80% AR22-42 ; 20% Alsa4-ouU + Ald4-53

>50% AR24-42
>80% AR23-42 ; 20% AR4-30 + AR4-33
10% AR20-42 ; 60% AR22-42 ; 30% AR24-42

AR(1-42) E22V 20% AR22-42 ; 20% AR24-42 ; 60% different unknown peaks
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AR(1-42) D23K 30% AR24-42
AR(1-42) D23V no peaks detectible
AR(1-42) G25V 60% AR20-42 ; 40% AR24-42
AR(1-42) G25T 70% AR20-42 ; 30% AR24-42
AR(1-42) S26L 20% AR24-42
AB(1-42) A21G, E22Q < 5% AR4-42
AB(1-42) A21G, E22K < 5% AR4-42
AB(1-42) A21Q, E22L >80% AR22-42 ; 20% AR4-30 + AR4-29
AB(1-42) A21L, E22Q >50% AR21-42 , 30% AR24-42
AB(1-42) A21G, D23N < 5% AR4-42

AB(1-42) F20A, I31A 20% AR4-42;30% AR19-42 and AR20-42;20% AR17-42

AR(1-42) F20G, E22A| 10% AR4-42;20% AR20-42 and AR24-42;50% AR21-42

AR(1-42) E22A, D23A -

AR(1-42) E22A, G25A 40% AR20-42 ; 60% AR24-42
AR(1-42) E22A, S26A 40% AR20-42 ; 60% AR24-42
AR(1-42) G25A, S26A 40% ARB20-42 ; 60% AR24-42
AB(0-42) F20C, 131C >80% AR12-42

EXAMPLE 3 : SIZE EXCLUSION CHROMATOGRAPHY OF TRUNCATED AB
MUTEIN OLIGOMERS

Size exclusion chromatography was performed using a SEC column Superose 12 HR
10/300 GL (GE Health Care, catalogue no. 17-5173-01) and a flow-rate of 0.5 ml/min.
The mobile phase was 20 mM NaH,PQO,, 140 mM NaCl, 0.5% SDS, pH 7.4. 30 ug
Truncated A} mutein oligomer from example 1b was diluted with mobile phase to ob-
tain 150 pl with a concentration of 200 pyg/ml. 100 I of this mixture were loaded onto
the column. Peptide with extinction at 215 nm was detected.

The resulting size exclusion chromatogram (Fig. 1B) for the truncated AR E22A mutein
oligomer shows a major peak at 11.37 ml corresponding to 26 kDa and minor peaks at
45 kDa, 120 kDa and 4 kDa. The truncated AB F20G, E22A mutein oligomer (Fig. 1C)
shows a more uniform size distribution with a major peak at 10.83 ml corresponding to
32 kDa and only a small peak at 5 kDa. As a reference, the size exclusion chromato-

gram of wild type AB(20-42) globulomer (Fig. 1A) is shown which has a major double
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peak at 11.04 ml and 11.85 ml corresponding to 30 kDa and 21 kDa, respectively, and
minor peaks at 150 kDa and 4 kDa. Taken together, size exclusion chromatography
confirmed that the oligomeric nature of the truncated AR mutein oligomers resembles
wild type AB(20-42) globulomer.

EXAMPLE 4: DIRECT ELISA OF TRUNCATED A MUTEIN OLIGOMERS

The immunoreactivity of truncated A mutein oligomers from example 1b was further
characterized by using the murine, AB(20-42) globulomer-reactive, monoclonal antibod-
ies m7C6 and m4D10 in order to predict the propensity of truncated AB mutein oligo-
mers to elicit an undesired polyclonal cross-reactivity to PF-4. The antibody m7C6 has
been shown to cross-react with PF-4 while the m4D10 has been proven to not cross-
react with PF-4.

Direct-ELISA protocol used for the determination of truncated A mutein oligomer

recognition:

Reagents:
1. F96 Cert. Maxisorp NUNC-Immuno Plate Cat.No.: 439454
Antigen: truncated A} mutein oligomer from example 1b
Coating buffer: 100 mM sodiumhydrogencarbonate; pH 8.2
Blocking reagent for ELISA; Roche Diagnostics GmbH Cat. No.: 1112589
PBST-Buffer: 20 mM NaH,PQOy4; 140 mM NacCl; 0.05 % Tween 20; pH 7.4
PBST + 0.5 % BSA-Buffer: 20 mM NaH,PO,; 140 mM NaCl; 0.05 % Tween 20;
pH 7.4 + 0.5 % BSA; Serva cat.11926
7. Primary antibodies :
Anti-A3 mAb clone 7C6; conc.: 2.83 mg/ml OD 280 nm; stored at —-80°C
Anti-AB mAb clone 4D10; conc.: 8.60 mg/ml OD 280 nm; stored at —-80°C
8. Label reagent: anti-mouse-POD conjugate; Jackson ImmunoResearch Ltd. Cat.
No.: 715-035-150
9. Staining: TMB; Roche Diagnostics GmbH Cat. No.: 92817060; 42 mM in
DMSO; 3 % H,0, in water; 100 mM sodium acetate, pH 4.9
10. Stop Solution: 2M sulfonic acid

SO

Method used in preparation of reagents:
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1. Antigen solution:

12 ug truncated Al mutein oligomer were diluted with 12 ml coating buffer to 1 ug/ml

2. Blocking reagent:
Blocking reagent was dissolved in 100 ml water to prepare the blocking stock solution
and aliquots of 10 ml were stored at —20°C. 3 ml blocking stock solution was diluted

with 27 ml water for each plate to block.

3. Primary antibody dilution:

A) Anti-AB mAb clone 7C6 was diluted in PBST + 0.5 % BSA to a concentration of
100ng/ml (= Stock solution A).

B) Anti-AB mAb clone 4D10 was diluted in PBST + 0.5 % BSA to a concentration of
100ng/ml (= Stock solution B).

Primary antibody curve (prepared for A) clone 7C6 and B) clone 4D10):

No Stock solution A) or B) PBST + 0.5 % BSA Final conc.
1 2ml 100 ng/ml Oml 100 ng/ml
2 0.633 ml (1) 1.367 mi 31.6 ng/ml
3 0.633 ml (2) 1.367 mi 10 ng/ml

4 0.633 ml (3) 1.367 ml 3.16 ng/ml
5 0.633 ml (4) 1.367 mi 1 ng/ml

6 0.633 ml (5) 1.367 ml 0.316 ng/mi
7 0.633 ml (6) 1.367 ml 0.1 ng/ml

8 0ml 2ml 0.0 ng/ml

4. Label reagent:

Anti-mouse-POD conjugate lyophilizate was reconstituted in 0.5 ml water. 500 pl Glyc-
erol was added and aliquots of 100 ul were stored at —20°C for further use. The con-
centrated label reagent was diluted 1/10000 in PBST-buffer. The reagent was used

immediately.

5. TMB solution:
20 ml 100 mM of sodium acetate, pH 4.9, were mixed with 200 yl TMB solution and

29.5 pl 3% H,0, solution. The solution was used immediately.
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Standard Plate Setup. Numbers indicate final antibody concentration in ng/ml. The

standard for each antibody was run in duplicate.

1 2 3 4 5 6 7 8 9 10 11 12
m7C6 m4D10

A|100 [100 |100 |100

B|(31.6 |31.6 |31.6 |31.6

C| 10 10 10 10

D|3.16 |3.16 |3.16 |3.16

E 1 1 1 1

F [0.316|0.316|0.316 |0.316

G| 0.1 0.1 0.1 0.1

H 0.0, 00| 0.0f 0.0

Procedure:

1. 100 ul antigen solution per well were applied and incubated overnight at 4°C.

2. The antigen solution was discarded and the wells were washed three times with
250 ul PBST buffer.

3. 265 pl block solution per well were added and incubated for 2 h at room tempera-
ture.

4. The block solution was discarded and the wells were washed three times with 250
pl PBST buffer.

5. After preparation of the antibody curves, 100 ul per well of the dilution series were
applied to the plate. The plate was incubated for 2 h at room temperature.

6. The antibody solution was discarded and the wells were washed three times with
250 ul PBST buffer.

7. 200 pl label solution per well were added and incubated for 1 h at room tempera-
ture.

8. The label solution was discarded and the wells were washed three times with 250
pl PBST buffer.

9. 100 pl of TMB solution were added to each well and incubated 5-15 min at room
temperature.

10. Color staining was observed and 50 yl of the stop solution per well were applied.

11. The absorbance at 450 nm was measured.
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Results:

By introducing a single or double amino acid point mutation in the region of amino acid
positions 20-23 the recognition of the resulting truncated AB mutein oligomers by anti-
body m7C6 was reduced, whereas the recognition by m4D10 is not reduced or was
reduced only to a limited extent (see Figure 2). In contrast, recognition of AB(20-42)
oligomers by the non-PF-4 cross-reacting antibody 4D10 is reduced by point mutations
mainly in the region of amino acid positions 27-30, although the epitope cannot be
mapped so precisely. The region of reduced m7C6 recognition, but maintained m4D10
recognition, can be interpreted as comprising hot-spots that are relevant for eliciting a
polyclonal immune response upon immunization with a respective AB(20-42) mutein

oligomer that does not concomitantly elicit a PF-4 cross reactivity.

EXAMPLE 5: TRUNCATED AB E22A MUTEIN OLIGOMER INDUCES AN A GLOB-
ULOMER-SPECIFIC IMMUNE RESPONSE

The antigenicity of the reactivity AR mutein oligomers was tested by active immuniza-
tion of rodents (rabbits, mice). The polyclonal antisera obtained from said animals were
affinity-purified and subsequently tested for their specificity towards different forms of
AB using the dot blot method. The individual forms of A were blotted in serial dilutions
and incubated with the corresponding affinity-purified mouse antisera containing anti-
AB antibodies produced in the immune reaction. The individual dot blots correspond to

different individuals of the immunized rodents.

EXAMPLE 5A: ACTIVE IMMUNIZATION OF MICE WITH TRUNCATED AR E22A
MUTEIN OLIGOMER

The mice (Balb/c mice) received 30 ug of the ethanol precipitated truncated AR E22A
mutein oligomer prepared according to example 1¢ and mixed with complete Freund’s
adjuvant, Alum adjuvant or no adjuvant subcutaneously at day 0. The mice were
boosted according to the following scheme: boost 1: on day 17, boost 2: on day 35 and
boost 3 on day 52. For titer determination, plasma was withdrawn 7-10 days after boost
2 and/or 3.

Preparation of adjuvants:

Alum adjuvant preparation:
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1 ml 1.4 M NaCl solution pH7.4 were added to 9 ml aluminum hydroxide gel (Sigma;
cat.no.A8222-250ml). The mixture was incubated for 24 h at room temperature prior to

use.

Complete Freund’s adjuvant (CFA):

CFA was obtained as a ready-to-use adjuvant solution and was used for the initial im-
munization. For all subsequent boost immunizations Incomplete Freund’s Adjuvant
(IFA) was used.

No adjuvant:
In cases where no adjuvant was used, ¥4 PBS buffer (5 mM NaH,PO,4; 35 mM NacCl;

pH7.4) was used instead.

Prior to active immunization, 100 yl of the truncated A mutein oligomer (the antigen)
was mixed with an equal volume of the respective adjuvants. The antigen/adjuvant mix-
ture was incubated at room temperature for 1 h and briefly shaken. Then, the total vol-
ume of 200 ul was injected subcutaneously in the neck of the mouse. Where CFA or
IFA was used as adjuvant, the antigen and CFA or IFA adjuvant solutions were mixed

until a suspension had formed which was then used immediately for injection.

EXAMPLE 5B-1: AFFINITY PURIFICATION OF POLYCLONAL ANTIBODIES FROM
MOUSE PLASMA SAMPLES VIA SEPHAROSE BEADS

Immobilization of AR(20-42) mutein oligomer on sepharose beads

Reagents:

30% Isopropanol in 1 mM HCI in H,O (pre-cooled at 0°C in an ice bath)

1 mM HCI in H,O (pre-cooled at 0°C in an ice bath)

50 mM NaHCOg3; pH 7.5 (pre-cooled at 0°C in an ice bath)

50 mM NaHCO3/250 mM ethanolamine; pH 7.5

Y PBS (5 mM NaH,PO,; 35 mM NaCl; pH 7.4)

NHS-activated sepharose beads (Fa. GE #17-0906-01) in 100% isopropanol
TBS: (25 mM Tris; 150mM NaCl; pH7.5)

Procedure:



WO 2016/005328 PCT/EP2015/065362
91

2 ml NHS-activated sepharose beads (= 2.8 ml suspension in isopropanol) were
washed 4x with 10 ml 30% isopropanol in 1 mM HCI in H,O (pre-cooled at 0°C in an ice
bath), 4x with 10 ml 1 mM HCl in H,O (pre-cooled at 0°C in an ice bath), and 4x with 10
ml 50 mM NaHCO3;, pH 7.5 (pre-cooled at 0°C in an ice bath). 0.2 mg truncated AR
mutein oligomer from example 1b were diluted with 50 mM NaHCO3z; pH 7.5 + 0.1%
SDS to obtain a concentration of 0.5mg/ml. The truncated AR mutein oligomer solution
was added to 0.2 g of the washed NHS-activated sepharose beads, and the mixture
was shaken at room temperature for 2 h. After centrifugation at 3000 g for 5 min, 1 ml
50 mM NaHCO3/250 mM ethanolamine, pH 7.5 + 0.1% SDS was added to the se-
pharose beads, and the mixture was shaken at room temperature for 1 h. The sample
was transferred into a PolyPrep Chromatography Column (Fa. Biorad #731-1550) and
washed 5x with 1 ml PBS (5 mM NaH,PO,; 35 mM NaCl; pH7.4) + 0.1% SDS, and
then 5x with 1 ml TBS. After the last washing step, the sepharose beads carrying the
immobilized AB(20-42) mutein oligomer were transferred into a 1.5 ml tube and stored

at 6°C for further use.

Immobilization of AR(1-42) monomer on sepharose beads:

Reagents:

see above

Procedure:

2 ml NHS-activated sepharose beads (= 2.8 ml suspension in isopropanol) were
washed with 4x with 10 ml 30% Isopropanol in 1mM HCI in H,O (pre-cooled at 0°C in
an ice bath), 4x with 10 ml 1 mM HCI in H,O (pre-cooled at 0°C in an ice bath), and 4x
with 10 ml 50 mM NaHCOs, pH 7.5 (pre-cooled at 0°C in an ice bath). 0.81 mg AR(1-
42) synthetic peptide (H-1368, Bachem, Bubendorf, Switzerland) were dissolved in

80 pl 0.1% NaOH in H,0O. 50 pl of this 10 mg/ml A3(1-42) monomer solution were dilut-
ed with 950 pl 50 mM NaHCO3; pH 7.5 to obtain a concentration of 0.5 mg/ml . The
AR(1-42) monomer solution was added to 0.5 g of the washed NHS-activated se-
pharose beads, and the mixture was shaken at room temperature for 2 h. After centrif-
ugation at 3000 g for 5 min, 1 ml 50 mM NaHCO,/250 mM ethanolamine, pH 7.5 was
added to the sepharose beads, and the mixture was shaken at room temperature for

1 h. The sample was filled into a PolyPrep Chromatography Column and washed 5x
with 1 ml PBS (5 mM NaH,PQOy; 35 mM NaCl; pH7.4), and then 5x with 1 ml TBS. After
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the last washing step, the sepharose beads carrying the AB(1-42) monomer were

transferred into a 1.5 ml tube and stored at 6°C for further use.

Affinity purification of polyclonal antibodies from mouse plasma samples :

Reagents:

TBS (25 mM Tris; 150 mM NaCl; pH7.5)

Complete; Protease Inhibitor Cocktail tablets; Roche, cat.n0.11697498001
1/10 TBS (2.5 mM Tris; 15 mM NaCl; pH7.5)

elution buffer : 0.58% CH3;COOH/140 mM NaCl

neutralization buffer : 2 M Tris/HCI; pH 8.5

sepharose beads carrying immobilized truncated AR mutein oligomer

sepharose beads carrying AB(1-42) monomer

Antigen-specific antibodies generated by immunization of the mice with truncated AB
mutein oligomer were affinity-purified using a mixture of the respective truncated AB
mutein oligomer and monomeric AB(1-42) peptide as affinity capture proteins. The
monomeric AB(1-42) peptide was used to ensure that all anti-Af antibodies are affinity-
purified, including antibodies binding to non-globulomer epitopes, e.g. to sAPPa, mon-

omeric or fibrillary AB peptide, that might potentially be present in the antisera.

Procedure:

250 ul of each mouse plasma sample were mixed with 250 pyl TBS + 1/50 Complete (1
tablet dissolved in 1 ml H,O), and solution was centrifuged for 10 min at 10000 g. The
supernatant was removed and 50 pl sepharose beads were added that carried the
truncated AB mutein oligomer corresponding to the antigen used for immunization of
the mouse. After 5 min shaking at room temperature, 12.5 yl sepharose beads carrying
AB(1-42) monomer were added. The mixture was shaken for 20 h at room temperature
and 1100 rpm in a Eppendorf Thermomixer Comfort. Then, the sepharose beads were
transferred using 2 x 100ul TBS into a PolyPrep Chromatography Column, washed 4 x
with 250 ul TBS and 2 x with 250 ul 1/10 TBS. After the last washing step, the beads
were eluted twice with 100 ul and then once with 120 pl 0.58% CH3COOH/140 mM
NaCl. The eluate (approximately 250-270 ul) was collected in a 1.7 ml tube pre-loaded
with 22 ul 2M Tris/HCI, pH 8.5. After the elution step, the sample was immediately
mixed and then stored at -80°C for further use. The protein concentration of the affinity-

purified polyclonal antibodies from mouse plasma was determined by measuring the
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absorption of each affinity purification eluate at 280nm against a TBS only reference
blank. The binding of the affinity-purified polyclonal antibodies to AB globulomer was
confirmed via direct ELISA.

EXAMPLE 5B-2: AFFINITY PURIFICATION OF POLYCLONAL ANTIBODIES FROM
MOUSE PLASMA SAMPLES VIA MAGNETIC DYNABEADS

Immobilization of truncated AR mutein oligomer on tosyl-activated dynabeads

Reagents:

Dynabeads M-280 Tosyl activated, Invitrogen, cat.no.142-04; 2 x 1EQ9 beads/ml
100 mM sodium borate, pH9.5

100 mM sodium borate, pH9.5 + 0.5% BSA

PBS (20 mM NaH,PO,, 140 mM NaCl, pH7.4)

PBS (20 mM NaH,PO,, 140 mM NaCl, pH7.4) + 0.1% BSA

PBS (20 mM NaH,PO,, 140 mM NaCl, pH7.4) + 0.1% BSA + 0.02% sodium azide

Procedure:

The stock-suspension of dynabeads was homogenized by shaken carefully to prevent
foaming. 66 pl suspension were removed and transferred to a 1.5 ml reaction vial. The
dynabeads were washed 2x 2 min with 200 yl 100 mM sodium borate, pH 9.5. In the
washing procedure the supernatant was carefully removed while the dynabeads were
immobilized at the wall of the reaction vial using a magnetic separator stand (MSS).
The washed dynabeads were incubated with 100 pg truncated AR mutein oligomer in
100 mM sodium borate, pH 9.5. The sample was shaken for 20 min at 37°C. Then, the
sample was diluted 1:2 with 100 mM sodium borate, pH 9.5 + 0.5% BSA and was
shaken overnight at 37°C. The dynabeads carrying the immobilized truncated AR
mutein oligomer were washed 2x 5 min (again using the MSS) with 200 yl PBS and 2x
5 min with 200 pl PBS, 0.1%BSA, and were finally resuspended in 0.2 ml PBS, 0.1%
BSA, 0.02% sodium azide and centrifuged briefly. The washed dynabeads carrying the

immobilized truncated AR mutein oligomer were stored at 4°C until further use.

Affinity purification of pMAb’s from mouse plasma samples :

Reagents:
PBS (20 mM NaH,PO., 140 mM NaCl, pH7.4)
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PBST (PBS + 0.05% Tween 20)

PBST + 0.5% BSA

elution buffer: 0.58% CH;COOH/140 mM NaCl
neutralization buffer : 2 M Tris/HCI; pH 8.5

dynabeads carrying immobilized truncated AR mutein oligomer

Procedure:

10 pl mouse plasma sample were diluted with 80 yl PBST + 0.5% BSA. 10 ul dyna-
beads carrying immobilized truncated AR mutein oligomer were added. The immuno-
precipitation was carried out by shaking overnight (~20 h) at room temperature. The
dynabeads were immobilized using the MSS. The supernatant was carefully removed
and discarded, and the dynabeads were washed 1x 5 min with 500 yl PBST, 1x 5 min
with 500 yl PBS and 1x 3 min with 500 pyl 2 mM NaH,PO,, 14 mM NaCl, pH 7.5. After
the last removal of the washing buffer, the reaction vials were once again centrifuged
and remaining liquid was carefully and thoroughly removed. The dynabeads were sus-
pended in 25 pl elution buffer and shaken for 2 min at room temperature. The reaction
vials were centrifuged for 15 s at 4000 rpm, placed back in the MSS and supernatant
(i.e. the eluate) was carefully removed and added to 975 yl PBST + 0.5% BSA. 1 pl
neutralization buffer was added and the sample mixed immediately for about 2-3 s. The
binding of the affinity-purified polyclonal antibodies to AB globulomer was confirmed via
direct ELISA.

EXAMPLE 5C: ANALYSIS OF ANTIBODY SELECTIVITY VIA DOT BLOT

In order to characterize the selectivity of the AB(20-42) mutein globulomer induced im-
mune response, the affinity-purified polyclonal antisera were tested for binding to dif-
ferent AB forms. To this end, serial dilutions of the individual AB forms ranging from
100 pmol/pl to 0.00001 pmol/ul in PBS supplemented with 0.2 mg/ml BSA were pre-
pared. 1 ul of each dilution was blotted onto a nitrocellulose membrane. Detection was
performed by incubating with the corresponding affinity purified polyclonal antibodies
response (0.2 pg/ml) followed by immunostaining with peroxidase-(POD-)conjugated
IgG (anti-mouse-POD for antisera from mice, anti-rabbit-POD for rabbit antisera) and
BM Blue POD Substrate (Roche).

AB-standards for dot-blot:
1. AB(12-42) globulomer
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AB(12-42) globulomer was prepared as described in Reference example 4

2. AB(1-42) globulomer

AB(1-42) globulomer was prepared as described in Reference example 3

3. AB(20-42) globulomer

AB(20-42) globulomer was prepared as described in Reference example 5.

4. AB(1-40) monomer, 0.1% NaOH

AB(1-40) monomer was prepared as described in Reference example 1.

5. AB(1-42) monomer, 0.1% NaOH

AB(1-42) monomer, 0.1% NaOH was prepared as described in Reference example 2

6. AB(1-42) fibrils

AB(1-42) fibrils were prepared as described in Reference example 6

7. sAPPa

sAPPa was prepared as described in Reference example 7

Materials for dot blot:

Serial dilution of AB-standards (see above 1. to 7.) in 20 mM NaH,PO., 140 mM NaCl,
pH 7.4 + 0.2 mg/ml BSA to obtain concentrations of: 100 pmol/ul, 10 pmol/ul, 1 pmol/ul,
0.1 pmol/ul, 0.01 pmol/ul, 0.001 pmol/ul, 0.0001 pmol/pl, and 0.00001 pmol/ul.

Nitrocellulose: Trans-Blot Transfer medium, Pure Nitrocellulose Membrane (0.2 ym);
BIO-RAD
Anti-mouse-POD: cat no: 715-035-150 (Jackson Immuno Research)
Detection reagent: BM Blue POD Substrate, precipitating, cat no:11442066001
(Roche)
Bovine serum albumin (BSA): cat no: 11926 (Serva)
Blocking reagent: 5% low fat milk in TBS
Buffer solutions:
TBS: 25 mM Tris / HCI buffer pH 7.5 + 150 mM NaCl
TTBS: 25 mM Tris / HCI - buffer pH 7.5 + 150 mM NaCl + 0.05% Tween 20
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PBS + 0.2 mg/ml BSA: 20 mM NaH,PQO, buffer pH 7.4 + 140 mM NaCl + 0.2 mg/ml
BSA

Antibody solution I: 0.2 pg/ml antibody in 20 ml 1% low fat milk in TBS

Antibodies:

Anti-ABmouse monoclonal antibody clone 6E10; conc.: 1mg/ml; cat. no.: SIG-
39320 (Covance); stored at -80°C
Affinity-purified murine polyclonal anti-AB antibodies from example 5B-1,

stored at -80°C

Antibody solution II: for detection of mouse antibodies: 1:5000 dilution of anti-mouse-
POD in 1% low fat milk in TBS

Dot blot procedure:

1)

1 ul of each of the 8 concentrations of the different AR-standards (obtained by seri-
al dilution) was dotted onto the nitrocellulose membrane in a distance of approxi-
mately 1 cm from each other.

The dots of AB-standards were allowed to dry on the nitrocellulose membrane on
air for at least 10 min at room temperature (= dot blot)

Blocking: The dot blot was incubated with 30 ml 5% low fat milk in TBS for 1.5 h at
room temperature.

Washing: The blocking solution was discarded and the dot blot was incubated un-
der shaking with 20 ml TTBS for 10 min at room temperature.

Antibody solution I: The washing buffer was discarded and the dot blot was incu-
bated with antibody solution | for 2 h at room temperature

Washing: The antibody solution | was discarded and the dot blot was incubated
under shaking with 20 ml TTBS for 10 min at room temperature. The washing solu-
tion was discarded and the dot blot was incubated under shaking with 20 ml TTBS
for 10 min at room temperature. The washing solution was discarded and the dot
blot was incubated under shaking with 20 ml TBS for 10 min at room temperature.
Antibody solution II: The washing buffer was discarded and the dot blot was incu-
bated with antibody solution Il for 1h at room temperature.

Washing: The antibody solution Il was discarded and the dot blot was incubated
under shaking with 20 ml TTBS for 10 min at room temperature. The washing solu-
tion was discarded and the dot blot was incubated under shaking with 20 ml TTBS
for 10 min at room temperature. The washing solution was discarded and the dot

blot was incubated under shaking with 20 ml TBS for 10 min at room temperature.
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9) Development: The washing solution was discarded. The dot blot was developed
with 7.5 ml BM Blue POD Substrate for 5 min. The development was stopped by
intense washing of the dot blot with H,O pH 5.3 (pH adjusted with sodium dihy-
drogenphosphate salt cristalls).

10) Quantitative evaluation was done based on a densitometric analysis of the dot in-
tensity using a GS800 densitometer (BioRad) and software package Quantity one,
Version 4.5.0 (BioRad). Only dots were evaluated that had a relative density of
greater than 20% of the relative density of the last optically unambiguously identi-
fied dot of the AB(20-42) globulomer. This threshold value was determined for eve-
ry dot blot independently. The calculated value indicates the relation between
recognition of AB(20-42) globulomer and the respective A form for the given anti-
body.

Dot blot analysis was performed with different murine monoclonal (m6E10) and poly-
clonal anti-AB antibodies. Polyclonal anti-A3 antibodies were obtained by active im-
munization of mice with truncated AB mutein oligomers followed by affinity purification
(see example 5). The individual AB forms were applied in serial dilutions and incubated
with the respective antibodies for immune reaction (1 = A3(1-42) globulomer; 2 =
AB(20-42) globulomer; 3 = AB(1-40) monomer, 0.1%NaOH; 4 = AB(1-42) monomer,
0.1% NaOH; 5 = AB(1-42) fibril preparation; 6 = sAPPa (Sigma) (first dot: 1pmol); 7 =
AB(12-42) globulomer) . Results are shown in table 3.

Table 3: Dot blot quantification data of mouse polyclonal antibodies

A) Immunization with truncated A E22A mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #
ANTIGEN

1 2 3 4
AB(1-42) globulomer 0.86 >10 >100 | >100
AB(12-42) globulomer 2.82 1.97 1.98 2.61

AB(20-42) globulomer 1 1 1 1
AB(1-40) monomer 76.55 >10 >100 | >100
AB(1-42) monomer 36.45 >10 >100 | >100
AB(1-42) fibril 269.51 >10 >100 | >100
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sAPPa

1.01

>10

>1

>1

B) Immunization with truncated AR E22A mutein globulomer

(mouse, without adjuvant)

Polyclonal antibodies of mouse #

ANTIGEN

1 2 3 4
AB(1-42) globulomer >1000 >1000 >10 >10
AB(12-42) globulomer 2.43 2.54 1.23 0.79
AB(20-42) globulomer 1 1 1 1
AB(1-40) monomer >1000 >1000 >10 >10
AB(1-42) monomer 1950.71 >1000 >10 >10
AB(1-42) fibril >1000 >1000 >10 >10
sAPPa >10 >10 1-10 | >0.38

C) Immunization with truncated AB F20G, E22A mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #

ANTIGEN

1 2 3
AB(1-42) globulomer 4.91 0.01 0.05
AB(12-42) globulomer 1.61 0.30 0.23
AB(20-42) globulomer 1 1 1
AB(1-40) monomer >10 2.81 13.41
AB(1-42) monomer >10 >10 0.44
AB(1-42) fibril >10 15.56 >10
sAPPa 0.29 1-10 0.001

D) Immunization with truncated AR G25V mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #

ANTIGEN
1 2
AB(1-42) globulomer >100 >10
AB(12-42) globulomer >100 0.72
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AB(20-42) globulomer

AB(1-40) monomer >100 >10
AB(1-42) monomer >100 >10
AB(1-42) fibril >100 >10
sAPPa >1 1-10

E) Immunization with truncated A E22V mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #

ANTIGEN

1 2 3 4
AB(1-42) globulomer 3.51 1.27 233.46 | 49.86
AB(12-42) globulomer 0.68 1.82 3.65 4.99
AB(20-42) globulomer 1 1 1 1
AB(1-40) monomer 286.00 >100 >100 | >100
AB(1-42) monomer 19.78 31.74 | 27233 | >100
AB(1-42) fibril 172.65 125.59 >100 | >100
sAPPa 0.092 0.039 1 >1

F) Immunization with truncated AR E22A, G25A mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #

ANTIGEN

1 2 3 4
AB(1-42) globulomer 1323.08 | 2171.70 | >1000 |1864.35
AB(12-42) globulomer 1.74 5.32 2.75 1.92
AB(20-42) globulomer 1 1 1 1
AB(1-40) monomer >1000 | 3203.50 [3899.23|3119.49
AB(1-42) monomer 1063.72 | 395.32 |4406.81| 724.17
AB(1-42) fibril >1000 | 2687.77 | >1000 [2896.99
sAPPa 43.11 31.29 45.86 | 72.75

G) Immunization with truncated AR E22A, S26A mutein oligomer

(mouse, Alum adjuvant)
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Polyclonal antibodies of mouse #
ANTIGEN
1 2 3 4
AB(1-42) globulomer 4.45 0.09 76.46 >1
AB(12-42) globulomer 0.46 0.18 212 1.39
AB(20-42) globulomer 1 1 1 1
AB(1-40) monomer >10 5.96 >100 >1
AB(1-42) monomer 9.98 0.40 408.41 >1
AB(1-42) fibril 2.37 0.01 >100 >1
sAPPa 1-10 0.0047 >1 10-100

H) Immunization with truncated AB E22F mutein oligomer

(mouse, Alum adjuvant)

Polyclonal antibodies of mouse #
ANTIGEN

1 2
AB(1-42) globulomer 350.78 3116.21
AB(12-42) globulomer 1.35 1.57
AB(20-42) globulomer 1 1
AB(1-40) monomer >1000 528.23
AB(1-42) monomer >1000 812.97
AB(1-42) fibril 87.19 11.56
sAPPa 8.58 83.83

The dot-blot results show that immunization of mice with truncated AR mutein oligo-
mers elicits a highly selective immune response for the A globulomer epitope, which
was also shown previously with wild type AB(20-42) globulomer. In the dot blot, the
recognition of the polyclonal immune response was tested against the wild type AB(20-
42) globulomer which presents the globulomer epitope as present in the brain of Alz-
heimer’s disease patients. We presume that truncated A mutein oligomers do not oc-
cur in the human body. However, immunization with the truncated A mutein oligomers
elicited an immune response that, as desired, was still able to recognize the wild type
AB globulomer epitope. An active immunization with truncated A mutein oligomers can
thus be expected to be effective in reversing cognitive deficits in Alzheimer's disease

transgenic mouse models because the polyclonal antisera dot blot profile of the elicited
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antibody response will be comparable to that of a response elicited by an active im-
munization with wild type AB(20-42) globulomer regarding the recognition of glob-
ulomer epitopes in vivo. The latter has been proven to reverse cognitive deficits in an

object recognition task.

EXAMPLE 6: DETERMINATION OF CROSS-REACTION WITH PF-4 IN CYNOMOLUS
MONKEY PLASMA VIA ALIGNED SANDWICH-ELISA

EXAMPLE 6A: PF-4 CROSS-REACTIVITY OF POLYCLONAL MOUSE ANTIBODIES
AFFINITY-PURIFIED VIA SEPHAROSE BEADS

Materials:
F96 Cert. Maxisorp NUNC-Immuno Plate cat. no. 439454
Binding antibodies in experiment:
polyclonal antibodies affinity-purified via sepharose beads from mouse plasma
samples after immunization with different truncated A mutein oligomers from ex-
ample 5B-1
commercially available reference anti-PF4 antibody: monoclonal anti-HPF4 anti-
body (Abcam cat. no.: ab49735)
Coating buffer: 100 mM sodium hydrogen carbonate; pH 9.6
Blocking reagent for ELISA; Roche Diagnostics GmbH cat. no.: 1112589
PBST buffer: 20 mM NaH,PO,; 140 mM NaCl; 0.05% Tween 20; pH 7.4
PBST + 0.5% BSA buffer: 20 mM NaH,PQOy; 140 mM NacCl; 0.05% Tween 20; pH 7.4 +
0.5% BSA,; Serva cat. n0.11926
Cynomolgus plasma: Cynomolgus EDTA plasma pool from 13 different donors; stored
at-30°C
Trypsin inhibitor: Sigma cat. no.T7902
Aligning antibody: anti-mouse IgG (F¢ specific; produced in goat; Sigma cat. no.:
M3534; 2.3 mg/ml; stored at -20°C
Detection antibody: polyclonal rabbit anti-PF-4 antibody pRAb-HPF4; 0.5mg/ml; Abcam
cat. no.ab9561
Label reagent: anti-rabbit-POD conjugate; Jackson ImmunoResearch Ltd. cat. no.:
111-036-045
Staining Solution: 42 mM TMB (Roche Diagnostics GmbH cat. no.: 92817060) in
DMSO; 3% H,0, in water; 100 mM sodium acetate, pH 4.9
Stop solution: 2 M sulfonic acid
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Preparation of reagents:

Aligning antibody: The aligning antibody was diluted to 10 pg/ml in coating buffer.

Blocking solution: Blocking reagent was dissolved in 100 ml water to prepare the block-
ing stock solution and aliquots of 10 ml were stored at —20°C. 3ml blocking stock solu-

tion was diluted with 27 ml water for each plate to block.

Each binding antibody was diluted with PBST + 0.5% BSA buffer to 3.16 pg/ml (stock
solution). Dilution series of each affinity-purified polyclonal antibody preparation were
prepared as follows:

No Volume of Volume of Final antibody
antibody dilution PBST + 0.5% BSA buffer  concentration

1 250 pl stock solution 0 ml 3160 ng/ml

2 79 ul (1) 171ul 1000 ng/ml

3 79 ul (2) 171ul 316 ng/ml

4 79 ul (3) 171ul 100 ng/ml

5 79 ul (4) 171l 31.6 ng/ml

6 79 ul (5) 171ul 10 ng/ml

7 79 ul (6) 171ul 3.16 ng/ml

8 O ul 250 pl buffer only

Cynomolgus plasma:

5 ml Cynomolgus plasma pool were centrifuged for 10 min at 10000 g. 4.5 ml of the
supernatant was removed and diluted with 40.5ml PBST + 0.5 % BSA (= 1:10 dilution).
Then 450 ul 10 mg/ml trypsin inhibitor in H20 were added. After incubation for 10 min
at room temperature the sample was filtrated through a 0.22 ym filter (Millipore cat. no.
SLGS02508S).

Label reagent:

Anti-rabbit-POD conjugate lyophilised was reconstituted in 0.5 ml water. 500yl glycerol
was added and aliquots of 100 ul were stored at 20°C for further use. The concentrat-
ed label reagent was diluted in PBST buffer. The dilution factor was 1:5000. The rea-

gent was used immediately.
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Binding Antibody Plate Setup. Numbers indicate final concentrations of binding anti-

body in ng/ml. Each concentration of each binding antibody was run in duplicate.

1 2 3 4 5 6 7 8 9 10 11 12

polyclonal polyclonal polyclonal polyclonal polyclonal polyclonal

antibody antibody antibody antibody antibody antibody
A| 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160 | 3160
B| 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
C| 316 | 316 | 316 | 316 | 316 | 316 | 316 | 316 | 316 | 316 | 316 | 316
D| 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
E| 316 | 316 | 316 | 316 | 316 | 31.6 | 31.6 | 31.6 | 31.6 | 31.6 | 31.6 | 31.6
F| 10 10 10 10 10 10 10 10 10 10 10 10
G| 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16 | 3.16
H 00 | 00| 00 | 00| 00| 00| 00| 00)|00]|00]|00]O0.0
Procedure:

1. 100yl of the aligning antibody solution per well were applied and incubated over-
night at 6°C.

2. The antibody solution was discarded and the wells were washed three times with
250ul PBST-buffer.

3. 265l blocking solution per well were added and incubated 2 h at room tempera-
ture.

4. The blocking solution was discarded and the wells were washed three times with
250ul PBST buffer.

5. After preparation of the dilution series of each binding antibody, 100 pl per well of
these antibody dilutions were applied to the plate. The plate was incubated 2 h at
room temperature.

6. The antibody solutions were discarded and the wells were washed three times with
250 ul PBST buffer.

7. 100ul 1:10 dilution of cynomolgus plasma per well were added and incubated 2 h
at room temperature.

8. The plasma solution was discarded and the wells were washed three times with
250ul PBST buffer.
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9. 100yl primary antibody solution per well were added and incubated 1 h at room
temperature.

10. The primary antibody solution was discarded and the wells were washed three
times with 250ul PBST buffer.

11. 200ul label reagent per well were added and incubated 1 h at room temperature.

12. The label reagent was discarded and the wells were washed three times with
250ul PBST buffer.

13. 100ul of TMB solution were added to each well.

14. Plate color was monitored during development (5 — 15 min at ambient tempera-
ture) and the reaction was terminated by adding 50 pl/well of stop solution when an
appropriate color had developed.

15. The absorbance at 450 nm was measured.

Data analysis:

The binding antibody concentrations (X-values) were log-transformed using the equa-
tion: X=log(X). Data were plotted using the log-transformed X-values on the X-axis ex-
pressed as amounts of antibody (expressed in ng/ml). The OD(450nm) value of the
respective PBST blank in row H was subtracted from the values of the polyclonal
mouse antibody dilution series of each column in row A — G. The resulting background
corrected OD(450nm) values were plotted on the Y-axis. The concentration effect
curves were calculated from these data points by curve fitting using a non-linear re-
gression “four parameter logistic equation” with a “least squares (ordinary) fit” fitting
method (that equals the fitting method “sigmoidal dose-response (variable slope)”) us-
ing the Data analysis software package GraphPadPrism (Version 5.03; GraphPad
Software Inc.). Curve fitting was performed for the sole purpose of data visualization
but not as basis for any further calculations i.e. the area under the curve calculation.
The area under the curve (AUC, or total peak area) was determined based on non-
curve fitted data, the log-transformed X-values and the OD(450nm) values in the
measured range (final plasma dilutions from 3.16 ng/ml to 3160 ng/ml). The following
calculation settings were used within the Data analysis software package
GraphPadPrism (Version 5.03; GraphPad Software Inc.):

- The baseline was set to Y=0.0.

- Minimum peak height: Ignore peaks that are less than 10% of the distance from min-
imum to maximum Y.

- Peak direction: By definition, all peaks must go above the baseline.
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For each individual antibody a PF4 discrimination factor was calculated using the
commercially available anti-HPF4 antibody (Abcam cat. no.: ab49735) as a reference
antibody for PF4 recognition, wherein

[total peak area of anti-HPF4 antibody ab49735]
[PF4 discrimination factor] =

[total peak area of antibody to be determined]

Results of example 6A are shown tables 4A, 4B, and 4C.

Table 4A-C: AUC (or total peak area) calculated from log-transformed data

A
experim. 1 Adjuvant AUC anti-HPF4 AUC mean | AUC Ratio
anti-HPF4 n.a. 2,939
2,79 1,00
anti-HPF4 n.a. 2,631
mMAb 7C6 n.a. 1,577 1,77
mMAb 4D10 n.a. 0,127 21,93
mouse 1 (wt) CFA 0,512 5,44
mouse 2 (wt) CFA 0,610 4,57
mouse 3 (wt) CFA 2,993 0,93
mouse 4 (wt) CFA 0,675 4,13
mouse 37 (E22A) CFA 0,115 24,15
mouse 38 (E22A) CFA 0,053 52,33
mouse 39 (E22A) CFA 0,097 28,57
mouse 40 (E22A) CFA 0,083 33,57
mouse 73 (E22A) CFA 0,017 159,23
mouse 74 (E22A) CFA 0,002 1274,02
mouse 75 (E22A) CFA 0,013 217,58
mouse 76 (E22A) CFA 0,036 76,36
mouse 41 (D23A) CFA 0,356 7,83
mouse 42 (D23A) CFA 0,110 25,41
mouse 43 (D23A) CFA 0,098 28,28
mouse 44 (D23A) CFA 0,045 61,71
mouse 49 (S26A) CFA 3,099 0,90
mouse 50 (S26A) CFA 0,696 4,00
mouse 51 (S26A) CFA 0,352 7,92
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mouse 52 (S26A) CFA 0,143 19,43
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B
experim. 1 Adjuvant AUC AUC Ratio
anti-HPF4 n.a. 3,784 1,00
mMADb 7C6 n.a. 2,882 1,31
mMAb 4D10 n.a. 0,243 15,57
m13 WT Alum 1,287 2,94
m14 WT Alum 3,557 1,06
mi15 WT Alum 3,999 0,95
experim. 2
anti-HPF4 n.a. 3,844 1,00
m17 E22A Alum 0,150 25,70
m18 E22A Alum 0,228 16,88
m19 E22A Alum 0,100 38,44
m20 E22A Alum 0,069 55,61
m21 E22A Alum 0,040 96,80
experim. 3
anti-HPF4 n.a. 3,868 1,00
m22 E22A Alum 0,112 34,66
m23 E22A Alum 0,168 23,04
m24 E22A Alum 0,152 25,43
m25 G25A Alum 2,929 1,32
m26 G25A Alum 0,250 15,47
experim. 4
anti-HPF4 n.a. 3,637 1,00
mMAb 7C6 n.a. 2,997 1,21
mMAb 4D10 n.a. 0,248 14,64
m28 G25A Alum 2,779 1,31
m29 G25A Alum 1,167 3,12
m31 G25A Alum 0,557 6,53

PCT/EP2015/065362
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experim. 1 Adjuvant AUC AUC Ratio
anti-HPF4 n.a. 3,043 1,00
m1WT Alum 0,065 47,00
m2 WT Alum 0,063 48,21
m3 WT Alum 2,288 1,33
m4 WT Alum 0,254 11,96
m5 E22A Alum 0,018 167,66
m6 E22A Alum 0,084 36,40
m7 E22A Alum 0,029 104,00
m8 E22A Alum 0,047 65,27
m9 E22A - Alum Alum 0,064 47,47
m10 E22A - Alum Alum 0,019 161,95
m11 E22A - Alum Alum 0,125 24,40
m12 E22A - Alum Alum 0,024 125,54
m13 F20G,E22A Alum 0,057 53,42
m14 F20G,E22A Alum 0,001 4642,97
m15 F20G,E22A Alum 0,039 78,77
m17 G25T Alum 0,076 40,11
m18 G25T Alum 1,639 1,86
m19 G25T Alum 0,026 116,46
m20 G25T Alum 1,657 1,84
m21 G25V Alum 0,022 140,75
m22 G25V Alum 0,031 99,77
m23 G25V Alum 0,020 148,87
experim. 2
anti-HPF4 n.a. 2,862 1,00
m24 G25V Alum 0,012 247,15
m25 E22V Alum 0,053 54,39
m26 E22V Alum 0,066 43,59
m27 E22V Alum 0,061 47,21
m28 E22V Alum 0,053 53,88
m29 E22A,G25A Alum 0,040 70,82

PCT/EP2015/065362
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m30 E22A,G25A Alum 0,037 78,28
m31 E22A,G25A Alum 0,101 28,22
m32 E22A,G25A Alum 0,012 238,90
m33 G25A,S26A Alum 0,141 20,37
m34 G25A,S26A Alum 0,004 751,18
m35 G25A,S26A Alum 0,043 66,56
m36 G25A,S26A Alum 0,092 30,99
m37 E22A,S26A Alum 0,047 61,06
m38 E22A,S26A Alum 0,155 18,49
m39 E22A,S26A Alum 0,039 74,03
m40 E22A,S26A Alum 0,022 132,38
m41 D23K Alum 0,112 25,67
m43 S26L Alum 0,022 130,86
m44 S26L Alum 0,328 8,72
m45 E22F Alum 0,066 43,12
m46 E22F Alum 0,041 70,04

EXAMPLE 6B: PF-4 CROSS-REACTIVITY OF POLYCLONAL MOUSE ANTIBODIES

AFFINITY-PURIFIED VIA MAGNETIC DYNABEADS

Materials and preparation of reagents correspond to those in example 6A, except from:

Binding antibodies in experiment:

polyclonal antibodies affinity-purified via activated dynabeads from mouse plasma

samples after immunization with different truncated AR mutein oligomers from ex-

ample 5B-2

commercially available reference anti-PF4 antibody: monoclonal anti-HPF4 anti-
body (Abcam cat. no.: ab49735)

The samples obtained in example 5B-2 after affinity purification of mouse plasma via

magnetic dynabeads had a pre-dilution of 1:100. This affinity purified plasma stock so-

lution was used here for a further dilution series. Dilution series of each affinity-purified

polyclonal antibody preparation were prepared as follows:

Volume of

antibody dilution

Volume of

PBST + 0.5% BSA buffer

Further plasma Final plasma

dilution factor

dilution factor
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No Volume of Volume of Further plasma Final plasma
antibody dilution PBST + 0.5% BSA buffer  dilution factor dilution factor
1 250 pl stock solution 0 ml directly 1:100
(1:100 pre-diluted)
50 ul (1) 200 pl 1:5 1:500
50 pl (2) 200 pl 1:25 1:2500
50 pl (3) 200 pl 1:125 1:12500

Binding Antibody Plate Setup. Numbers indicate dilutions of binding antibodies. Each

concentration of each binding antibody was run in duplicate.

1 2 3 4 5 6 7 8 9 10 11 12

polyclonal polyclonal polyclonal polyclonal polyclonal polyclonal

antibody antibody antibody antibody antibody antibody
Al 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100
B| 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500
C| 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500
D{1:12500(1:12500|1:12500|1:12500(1:12500|1:12500|1:12500|1:12500|1:125001:12500| 1:12500|1:12500
E| 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | 1:100 | PBST | PBST
F| 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | 1:500 | PBST | PBST
G| 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | 1:2500 | PBST | PBST
H|{1:12500(1:12500|1:12500|1:125001:12500|1:12500|1:12500|1:12500(1:12500(1:12500| PBST | PBST

The procedure corresponds to that in example 6A.

Data analysis:

The binding antibody dilution factors (X-values) were log-transformed using the equa-

tion: X=log(X). Data were plotted using the log-transformed X-values on the X-axis ex-
pressed as dilution of plasma (1:X). The OD(450nm) value of the respective PBST
blank was subtracted from the values of the plasma dilution series of each column. The

resulting background corrected OD(450nm) values were plotted on the Y-axis. The

dilution effect curves were calculated from these data points by curve fitting using a
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non-linear regression “four parameter logistic equation” with a “least squares (ordinary)
fit” fitting method (that equals the fitting method “sigmoidal dose-response (variable
slope)”) using the Data analysis software package GraphPadPrism (Version 5.03;
GraphPad Software Inc.). Curve fitting was performed for the sole purpose of data vis-
ualization but not as basis for any further calculations i.e. the area under the curve cal-
culation. The area under the curve (AUC, or total peak area) was determined based on
non-curve fitted data, the log-transformed X-values and the OD(450nm) values in the
measured range (final plasma dilutions factors from 1:100 to 1:12500). The following
calculation settings were used within the Data analysis software package
GraphPadPrism (Version 5.03; GraphPad Software Inc.):

- The baseline was set to Y=0.0.

- Minimum peak height: Ignore peaks that are less than 10% of the distance from min-
imum to maximum Y.

- Peak direction: By definition, all peaks must go above the baseline.
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REFERENCE EXAMPLE 1

AB(1-40) monomer (0.1 % NaOH)

1 mg AB(1-40) (Bachem Inc., cat. no. H-1194) was dissolved in 232.6 pl 0.1 % NaOH in
H,O (freshly prepared) ( = 4.3 mg/ml = 1 nmol/1 pl) and immediately shaken for 30 sec.
at room temperature to get a clear solution. The sample was stored at —20 °C for fur-
ther use.

REFERENCE EXAMPLE 2

AB(1-42) monomer (0.1 % NaOH)

1 mg AB(1-42) (Bachem Inc., cat. no. H-1368) were dissolved in 222.2 pl 0.1 % NaOH
in H,O (freshly prepared) ( = 4.5 mg/ml = 1 nmol/1 yl) and immediately shaken for 30
sec. at room temperature to get a clear solution. The sample was stored at —20 °C for
further use.

REFERENCE EXAMPLE 3

AB(1-42) globulomer

The AB(1-42) synthetic peptide (H-1368, Bachem, Bubendorf, Switzerland) was sus-
pended in 100% 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) at 6 mg/ml and incubated for
complete solubilization under shaking at 37°C for 1.5 h. The HFIP acts as a hydrogen-
bond breaker and is used to eliminate pre-existing structural inhomogeneities in the A3
peptide. HFIP was removed by evaporation in a SpeedVac and AB(1-42) resuspended
at a concentration of 5 mM in dimethylsulfoxide and sonicated for 20 s. The HFIP-pre-
treated AB(1-42) was diluted in phosphate-buffered saline (PBS) (20 mM NaH,POy,,
140 mM NacCl, pH 7.4) to 400 uM and 1/10 volume 2 % sodium dodecyl sulfate (SDS)
(in H20) added (final concentration of 0.2 % SDS). An incubation for 6 h at 37°C re-
sulted in the 16/20 kDa AB(1-42) globulomer intermediate. The 38/48 kDa AB(1-42)
globulomer was generated by a further dilution with three volumes of H20 and incuba-
tion for 18 h at 37°C. After centrifugation at 3000 g for 20 min the sample was concen-
trated by ultrafiltration (30-kDa cut-off), dialysed against 5 mM NaH;PO,, 35 mM NaCl,
pH 7.4, centrifuged at 10,000 g for 10 min and the supernatant comprising the 38/48
kDa AB(1-42) globulomer withdrawn.

REFERENCE EXAMPLE 4
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AB(12-42) globulomer

2 ml of the AB(1-42) globulomer preparation of reference example 3 were admixed with
38 ml buffer (6 mM sodium phosphate, 35 mM sodium chloride, pH 7.4) and 150 ul of a
1 mg/ml GluC endoproteinase (Roche) in water. The reaction mixture was stirred for

6 h at RT, and a further 150 pl of a 1 mg/ml GluC endoproteinase (Roche) in water
were subsequently added. The reaction mixture was stirred at RT for another 16 h,
followed by addition of 8 ul of a 5 M DIFP solution. The reaction mixture was concen-
trated to approx. 1 ml via a 15 ml 30 kDa Centriprep tube. The concentrate was ad-
mixed with 9 ml of buffer (5 mM sodium phosphate, 35 mM sodium chloride, pH 7.4)
and again concentrated to 1 ml. The concentrate was dialyzed at 6°C against 1 | of
buffer (56 mM sodium phosphate, 35 mM NacCl) in a dialysis tube for 16 h. The dialysate
was adjusted to an SDS content of 0.1 % with a 1 % strength SDS solution in water.
The sample was centrifuged at 10,000 g for 10 min and the AB(12-42) globulomer su-

pernatant was withdrawn.

REFERENCE EXAMPLE 5

AB(20-42) globulomer

1.59 ml of the AB(1-42) globulomer preparation of reference example 3 were admixed
with 38 ml of buffer (50 mM MES/NaOH, pH 7.4) and 200 pl of a 1 mg/ml thermolysin
solution (Roche) in water. The reaction mixture was stirred at RT for 20 h. Then 80 ul of
a 100 mM EDTA solution, pH 7.4, in water were added and the mixture was further-
more adjusted to an SDS content of 0.01% with 400 ul of a 1 % strength SDS solution.
The reaction mixture was concentrated to approx. 1 ml via a 15 ml 30 kDa Centriprep
tube. The concentrate was admixed with 9 ml of buffer (50 mM MES/NaOH, 0.02 %
SDS, pH 7.4) and again concentrated to 1 ml. The concentrate was dialyzed at 6°C
against 1 | of buffer (6 mM sodium phosphate, 35 mM NaCl) in a dialysis tube for 16 h.
The dialysate was adjusted to an SDS content of 0.1 % with a 2 % strength SDS solu-
tion in water. The sample was centrifuged at 10,000 g for 10 min and the AB(20-42)

globulomer supernatant was withdrawn.

REFERENCE EXAMPLE 6

ApB fibrils
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1 mg AB(1-42) (Bachem Inc. Catalog Nr.: H-1368) were dissolved in 500 pl aqueous
0.1 % NH4OH (Eppendorff tube) and the sample was stirred for 1 min at room tempera-
ture. The sample was centrifuged for 5 min at 10,000 x g and the supernatant was
withdrawn. 100 pl of this freshly prepared AB(1-42) solution were neutralized with

300 pl 20 mM NaH,POy; 140 mM NaCl, pH 7.4. The pH was adjusted to pH 7.4 with
1% HCI. The sample was incubated for 24 h at 37°C and centrifuged (10 min at

10,000 g). The supernatant was discarded and the fibril pellet washed twice with 400 ul
20 mM NaH,POy,, 140 mM NaCl, pH 7.4 and then finally resuspended with 400 pl of 20
mM NaH,POy; 140 mM NacCl, pH 7.4 by vortexing for 1 min.

REFERENCE EXAMPLE 7

sAPPa

Supplied from Sigma (cat. no. S9564; 25 ug in 20 mM NaH2PO4; 140 mM NaCl ; pH
7.4). The sAPPa was diluted with 20 mM NaH,PO,, 140 mM NaCl, pH 7.4, 0.2mg/mi
BSA to 0.1 mg/ml (= 1pmol/ul).



WO 2016/005328 PCT/EP2015/065362

CLAIMS

1. An immunogenic product comprising an amyloid 8 (AB) amino acid sequence
having 62.5% or higher identity to the amino acid sequence
V18F19F20A21 E22D23V24G25825N27K23G29A30|31 |32633 (SEQ 1D NO 2), Wherein the

product

i) is reactive with a monoclonal antibody selected from the group consisting of
monaclonal antibody 7C6 obtainable from a hybridoma designated by
American Type Culture Collection deposit number PTA-7240; monoclonal
antibody 4D10 obtainable from a hybridoma designated by American Type
Culture Collection deposit number PTA-7405, or monoclonal antibody 5F7
obtainable from a hybridoma designated by American Type Culture Collec-
tion deposit number PTA-7241; and

i) is capable of eliciting a polyclonal antiserum which has no or low cross-

reactivity to platelet factor 4 (PF-4).

2. The product of claim 1, wherein the AR amino acid sequence differs from the
amino acid sequence V13F19F20A21 E22D23V24625826N27K23629A30|31|3QG:53 (SEQ 1D
NO: 2) by one, two, three, four, five or six amino acids being substituted by differ-

ent amino acids.

3. The product of claim 1 or 2, wherein the polyclonal antiserum is a polyclonal anti-

serum from a mouse or a rabbit.

4. The product of any one of claims 1 to 3, wherein the polyclonal antiserum is affini-

ty purified antiserum enriched in antibodies binding to the product.

5. The product of any one of claims 1 to 4, wherein the cross-reactivity of the poly-
clonal antiserum to PF-4 is at least 10 times, e. g. at least 20 times, at least 30
times or at least 50 times, more preferably at least 100 times, e. g. at least 200
times, at least 300 times or at least 500 times, and even more preferably at least
1000 times, e. g. at least 2000 times, at least 3000 times or at least 5000 times,
even more preferably at least 10000 times, e. g. at least 20000 times, at least
30000 or at least 50000 times, and most preferably at least 100000 times smaller
than the cross-reactivity of a reference anti-PF-4 antibody to PF-4.

6. The product of any one of claims 1 to 5, wherein platelet factor 4 is PF-4 in

cynomolgus plasma or PF-4 in human plasma.

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2016/005328 PCT/EP2015/065362

10.

11.

12.

13.

14.

15.

16.

17.

116

The product of any one of claims 1 to 6, wherein cross-reactivity is binding of the
polyclonal antiserum to plasma PF-4, with the polyclonal antiserum being immobi-

lized.

The product of claim 7, wherein immobilized polyclonal antiserum is polyclonal

antiserum bound to immobilized anti-IgG antibody.

The product of claim 7 or 8, wherein bound PF-4 is detected as anti-PF-4 anti-
body bound to said PF-4.

The product of claim 9, wherein the anti-PF-4 antibody is a labeled antibody and
detection is measuring the signal generated by the label.

The product of claim 7 or 8, wherein bound anti-PF-4 antibody is detected as la-
beled anti-lgG antibody bound to anti-PF-4 antibody and detection is measuring

the signal generated by the label.
The product of any one of claims 1 to 11, wherein PF-4 is human PF-4.

The product of any one of claims 9 to 12, wherein the anti-PF-4 antibody is a
monoclonal antibody.

The product of any one of claims 9 to 12, wherein the anti-PF-4 antibody is a pol-

yclonal antiserum.

The product of any one of claims 9 to 14, wherein the anti-PF-4 antibody is reac-
tive with PF-4 having the amino acid sequence
EAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAGPHCPTAQLIATLK-
NGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO: 12).

The product of any one of claims 1 to 15, wherein the polyclonal antiserum has
an affinity to an AR globulomer which is at least 2 times, e. g. at least 3 times or at
least 5 times, preferably at least 10 times, e. g. at least 20 times, at least 30 times
or at least 50 times, more preferably at least 100 times, e. g. at least 200 times, at
least 300 times or at least 500 times, and even more preferably at least 1000
times, e. g. at least 2000 times, at least 3000 times or at least 5000 times, even
more preferably at least 10000 times, e. g. at least 20000 times, at least 30000 or
at least 50000 times, and most preferably at least 100000 times greater than the
affinity of the antiserum to at least one AR form selected from the group consist-
ing of monomeric AB(1-42), monomeric AB(1-40), fibrillomeric AB(1-42), and fibril-
lomeric AB(1-40).

The product of claim 16, wherein the A globulomer is an AB(1-42) globulomer.
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The product of claim 16, wherein the A globulomer is an AR(12-42) globulomer.
The product of claim 16, wherein the A globulomer is an AR(20-42) globulomer.

The product of any one of claims 1 to 19, wherein the polyclonal antiserum has
an affinity to an AB(20-42) globulomer which is at least 2 times, e. g. atleast 3
times or at least 5 times, preferably at least 10 times, e. g. at least 20 times, at
least 30 times or at least 50 times, more preferably at least 100 times, e. g. at
least 200 times, at least 300 times or at least 500 times, and even more prefera-
bly at least 1000 times, e. g. at least 2000 times, at least 3000 times or at least
5000 times, even more preferably at least 10000 times, e. g. at least 20000 times,
at least 30000 or at least 50000 times, and most preferably at least 100000 times
greater than the affinity of the antiserum to at least one A globulomer selected

from the group consisting of AB(1-42) globulomer and AB(12-42) globulomer.

The product of any one of claims 1 to 20, wherein the monoclonal antibody 7C6
binds to the product with a Kp of 1x107® M or greater affinity.

The product of any one of claims 1 to 21, wherein the monoclonal antibody 4D10

binds to the product with a Kp of 1x10°® M or greater affinity.

The product of any one of claims 1 to 22, wherein the monoclonal antibody 5F7

binds to the product with a Kp of 1x107® M or greater affinity.

The product of any one of claims 1 to 23, wherein the AR amino acid sequence
has 68.75% or higher, 75% or higher, 81.25% or higher, 87.5% or higher, or
93.75 or higher identity to the amino acid sequence

V18F19F20A21 E22D23V24GZ5828N27K28629A30|31|32633 (SEQ ID NO 2)

The product of any one of claims 1 to 24, wherein at least part of said amino acid

sequence forms a loop, preferably a 3-hairpin loop.

The product of any one of claims 1 to 25, wherein the amino acid sequence por-
tions of the product corresponding to F1gF20A21 (SEQ ID NO: 8) and Asolails2 (SEQ
ID NO: 9) are in anti-parallel orientation.

The product of any one of claims 1 to 26, wherein the loop comprises a sequence
selected from V24Gz5825N27 (SEQ ID NO: 10) and D23V24Gz5826N27K23 (SEQ ID
NO: 11).

The product of any one of claims 1 to 27, which is soluble.

The product of any one of claims 1 to 28, which is an oligomer comprising a plu-
rality of said AR amino acid sequences.
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The product of claim 29, wherein the plurality is 2 to 28 AR amino acid sequenc-

es.
The product of claim 29 or 30, wherein the oligomer is a truncated oligomer.

The product of any one of claims 1 to 31, which is obtainable by a process com-
prising the following steps:

(a) dissolving AB peptide comprising said AR amino acid sequence in a solvent;
(b) adding an amphipatic agent to the solution of the AB peptide; and

(c) incubating the resulting mixture to form the oligomer.
The product of claim 32, wherein the solvent is a hydrogen bond-breaking agent.
The product of claim 33 wherein the hydrogen bond-breaking agent is HFIP.

The product of any one of claims 32 to 34, wherein the concentration of the A

peptide dissolved in the hydrogen bond-breaking agent is 2 mg/ml to 50 mg/ml.

The product of any one of claims 32 to 35, wherein dissolving the AR peptide in
the hydrogen bond-breaking agent comprises shaking for 15 minutes to 5 hours
at 22 to 37°C.

The product of any one of claims 32 to 36, wherein the amphipatic agent is SDS,
lauric acid, N-lauroylsarcosin, tert-octylphenol x 9-10EO, nonylphenol x 20EO, 3-
(3-cholamidopropyldimethylammonio-1-propane sulfonate, dodecyl-N,N-dimethyl-

3-amino-1-propane sulfonate or dodecylamine.

The product of any one of claims 32 to 37, wherein the time of incubation is 5
minutes to 48 hours.

The product of any one of claims 32 to 38, wherein the temperature of incubation
is 15 to 50°C.

The product of any one of claims 32 to 39, wherein the process further comprises
the step of:

(d) proteolytically cleaving the oligomer.

The product of claim 40, wherein the oligomer is cleaved with enzyme selected
from the group consisting of: trypsin, chymotrypsin, thermolysin, elastase, papain
and endoproteinase GluC.

The product of any one of claims 1 to 41, wherein the AR amino acid sequence

has 72% or higher identity to the amino acid sequence
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V18F19F20A21 E22D23V24625826N27K28GZQA30|31|32G33|—34M35V36637GSSV39 (SEQ lD NO
3).

The product of any one of claims 1 to 42, wherein the A amino acid sequence
has 77% or higher, 81% or higher, 86% or higher, 90% or higher, or 95% or high-
er identity to the amino acid sequence

Vi18F10F 20A21E22D23V 24 G258 26N 27K 28G20A30131132G 331 34MasVasGa7GagVag (SEQ ID NO:
3).

The product of claim 42 or 43, wherein a first amino acid sequence
LA3sM*35V236G"3,G 35 (SEQ ID NO: 5) is in parallel orientation to a second amino
acid sequence L%3,MP35VB56GP5,GP3s (SEQ ID NO: 5).

The product of claim 44, wherein the interproton distance for at least one atom
pair selected from the group consisting of M*35(NH)-VP35(NH), G"37(NH)-GP33(NH),
LA34(NH)-L34(C5H3), M*35(NH)-V35(CyHs) is 1.8 to 6.5 Angstroms.

The product of any one of claims 42 to 45, wherein a first amino acid sequence
Gl A ayMP 35V 356G 357G 38V 50 (SEQ ID NO: 6) is in parallel orientation to a second

amino acid sequence GP33L%3MP35VP35GP3,GP2sVE3e (SEQ ID NO: 6).

The product of claim 46, wherein the interproton distance for at least one atom
pair selected from the group consisting of G*33(NH)-GP34(NH), M"35(NH)-VE35(NH),
G 37(NH)-GB3g(NH), L34 (NH)-LB34(CsHs), MA35(NH)-VB36(CyHs), G3(NH)-
VB30(CyHs) and VA36(NH)-VB5(CyH3) is 1.8 to 6.5 Angstroms.

The product of any one of claims 42 to 47, comprising an inter-molecular parallel
B-sheet between two Al amino acid sequences.

The product of any one of claims 42 to 48, wherein the inter-molecular parallel -
sheet comprises a first amino acid sequence G55l 5 M3V 356G 5;G 36V 50 (SEQ
ID NO: 7) and a second amino acid sequence GPsslBs4MPB3sVP3GP5,GB3gV 50
(SEQ D NO: 7).

The product of claim 49, wherein the atom pairs G"33(CO)-L"34(N), L%34(CO)-
MA3s(N), MP35(CO)-V236(N), VB36(CO)-G"57(N), and GP5;(CO)-G 35(N) are at a dis-
tance of 3.3 £ 0.5 A, wherein CO indicates the backbone oxygen atom, and the
phi (@) angles of the residues range from —180 to —30 and psi (@) angles of the
residues range from approximately 60 to 180 or from approximately —180 to —
150.
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The product of any one of claims 1 to 50, wherein the AR amino acid sequence
has 62.5% or higher, 64% or higher, 67% or higher, 71% or higher, 75% or high-
er, 78% or higher, 82% or higher, 85% or higher, 89% or higher, 92% or higher,
or 96% or higher identity to a portion (X-Y) of amino acid sequence
V12H13H14Q15K16|—17V18F19F20A21 E22D23V24
G25S26N27K28G20A30l31132G33L 34 Ma5V36G37G3sVae (SEQ ID NO: 4), X being selected
from the group consisting of the numbers 12..18 and Y being selected from the
group consisting of the numbers 33..39.

The product of claim 51, wherein at least 2 non-contiguous residues of the amino

acid sequence are covalently linked with each other.

The product of claim 51 or 52, wherein at least one of the amino acid residues
Corresponding to V12, H13, H14, Q15, K15, L17, V1g, F1g, on, A21 E22 or D23 of and at
least one of the amino acid residues corresponding to Kzs, Gag, Aso, l31, l32, Gas,

L34, Mss, Vs, Gaz, Gas, Vag Of are covalently linked with each other.

The product of any one of claims 51 to 53, wherein the amino acid residues are
covalently linked via a direct covalent bond or via a linker.

The product of any one of claims 1 to 54, wherein the amino acid corresponding
to Vs is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,

phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 55, wherein the amino acid corresponding
to F4g is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, alanine,

glycine, proline, valine, leucine, methionine, and isoleucine.

The product of any one of claims 1 to 56, wherein the amino acid corresponding
to Fy is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,

alanine, glycine, valine, leucine, methionine, and isoleucine.

The product of any one of claims 1 to 57, wherein the amino acid corresponding
to Ay is selected from the group consisting of histidine, arginine, lysine, glycine,

proline, aspartic acid, glutamic acid, phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 58, wherein the amino acid corresponding
to E»; is selected from the group consisting of valine, leucine, methionine, isoleu-
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cine, phenylalanine, tyrosine, tryptophan, alanine, cysteine, asparagine, serine,

threonine, proline, and glutamine.

The product of any one of claims 1 to 59, wherein the amino acid corresponding
to Dys is selected from the group consisting of histidine, arginine, lysine, valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, proline, cys-

teine, asparagine, serine, threonine, and glutamine.

The product of any one of claims 1 to 60, wherein the amino acid corresponding
to V24 is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,

phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 61, wherein the amino acid corresponding
to Gys is selected from the group consisting of histidine, arginine, lysine, valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, proline, as-
partic acid, and glutamic acid.

The product of any one of claims 1 to 62, wherein the amino acid corresponding
to Sy is selected from the group consisting of histidine, arginine, lysine, proline,

aspartic acid, glutamic acid, phenylalanine, tyrosine, tryptophan.

The product of any one of claims 1 to 63, wherein the amino acid corresponding
to N, is selected from the group consisting of histidine, arginine, lysine, valine,
leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, proline, as-

partic acid, and glutamic acid.

The product of any one of claims 1 to 64, wherein the amino acid corresponding
to Kas is selected from the group consisting of aspartic acid, glutamic acid, ala-
nine, glycine, valine, leucine, methionine, isoleucine, phenylalanine, tyrosine,

tryptophan, proline, cysteine, asparagine, serine, threonine, and glutamine.

The product of any one of claims 1 to 65, wherein the amino acid corresponding
to Gy is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, valine,

leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, and proline.

The product of any one of claims 1 to 66, wherein the amino acid corresponding
to Ay is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, glycine,
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valine, leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, and

proline.

The product of any one of claims 1 to 67, wherein the amino acid corresponding
to ls1 is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,

phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 68, wherein the amino acid corresponding
to ls; is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,

phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 69, wherein the amino acid corresponding
to Gas is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, valine,

leucine, methionine, isoleucine, phenylalanine, tyrosine, tryptophan, and proline.

The product of any one of claims 1 to 70, wherein the amino acid corresponding
to Fy is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,
alanine, glycine, valine, leucine, methionine, and isoleucine; and the amino acid
corresponding to E,; is selected from the group consisting of alanine, valine, pro-
line, phenylalanine, methionine, isoleucine, tryptophan, cysteine, asparagine, ser-

ine, threonine, tyrosine, and leucine.

The product of any one of claims 1 to 71, wherein the amino acid corresponding

to Fy is glycine, and the amino acid corresponding to E»; is alanine.

The product of any one of claims 1 to 72, wherein the amino acid corresponding
to Fy is selected from the group consisting of histidine, arginine, lysine, aspartic
acid, glutamic acid, cysteine, asparagine, serine, threonine, glutamine, proline,
alanine, glycine, valine, leucine, methionine, and isoleucine; and the amino acid
corresponding to Iz is selected from the group consisting of histidine, arginine, ly-
sine, aspartic acid, glutamic acid, cysteine, asparagine, serine, threonine, gluta-
mine, proline, phenylalanine, tyrosine, and tryptophan.

The product of any one of claims 1 to 73, wherein the amino acid corresponding
to A, is selected from the group consisting of histidine, arginine, lysine, glycine,
proline, aspartic acid, glutamic acid, phenylalanine, tyrosine, and tryptophan; and

the amino acid corresponding to E,; is selected from the group consisting of ala-
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nine, valine, proline, phenylalanine, methionine, isoleucine, tryptophan, cysteine,

asparagine, serine, threonine, tyrosine, and leucine.

The product of any one of claims 1 to 74, wherein the amino acid corresponding
to Ay is selected from the group consisting of histidine, arginine, lysine, glycine,
proline, aspartic acid, glutamic acid, phenylalanine, tyrosine, and tryptophan; and
the amino acid corresponding to Dy; is selected from the group consisting of histi-
dine, arginine, lysine, valine, leucine, methionine, isoleucine, phenylalanine, tyro-

sine, tryptophan, proline, cysteine, asparagine, serine, threonine, and glutamine.

The product of any one of claims 1 to 75, wherein the amino acid corresponding
to E,; is selected from the group consisting of valine, leucine, methionine, isoleu-
cine, phenylalanine, tyrosine, tryptophan, alanine, cysteine, asparagine, serine,
threonine, proline, and glutamine; and the amino acid corresponding to Gys is se-
lected from the group consisting of histidine, arginine, lysine, valine, leucine, me-
thionine, isoleucine, phenylalanine, tyrosine, tryptophan, proline, aspartic acid,

and glutamic acid.

The product of any one of claims 1 to 76, wherein the amino acid corresponding
to E; is selected from the group consisting of valine, leucine, methionine, isoleu-
cine, phenylalanine, tyrosine, tryptophan, alanine, cysteine, asparagine, serine,
threonine, proline, and glutamine; and the amino acid corresponding to Sy is se-
lected from the group consisting of histidine, arginine, lysine, proline, aspartic ac-

id, glutamic acid, phenylalanine, tyrosine, tryptophan.
A composition comprising a product as defined in any one of claims 1 to 77.
The composition of claim 78, wherein the composition is a vaccine.

The composition of claim 78 or 79, wherein the composition further comprises a

pharmaceutical acceptable excipient.

The composition of claim 80, wherein the pharmaceutical acceptable excipient is

an adjuvant.

The composition of claim 81, wherein the adjuvant is Complete Freund’s Adjuvant
(CFA) or an adjuvant comprising an aluminium salt.

A product as defined in any one of claims 1 to 77 for use in treating or preventing

an amyloidosis.

The product for the use of claim 83, which is for active immunization.
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The product for the use of claim 83 or 84, wherein the amyloidosis is Alzheimer’s

disease.

The product for the use of claim 83 or 84, wherein the amyloidosis is the amyloi-
dosis of Down’s syndrome.

Method of treating or preventing an amyloidosis in a subject in need thereof,
which comprises administering a product as defined in any one of claims 1 to 77

to the subject.

The method of claim 87, wherein administering the product is for active immun-

ization.
The method of claim 87 or 88, wherein the amyloidosis is Alzheimer’s disease.

The method of claim 87 or 88, wherein the amyloidosis is the amyloidosis of

Down’s syndrome.

A product as defined in any one of claims 1 to 77 for use in diagnosing an amy-
loidosis.

The product for the use of claim 91, wherein the amyloidosis is Alzheimer’s dis-

ease.

The product for the use of claim 91, wherein the amyloidosis is the amyloidosis of

Down’s syndrome.

Method of diagnosing an amyloidosis which comprises providing a sample from
the subject suspected of having the amyloidosis, contacting the sample with a
product as defined in any one of claims 1 to 77 for a time and under conditions
sufficient for the formation of a complex comprising the product and an antibody,

the presence of the complex indicating the subject has the amyloidosis.
The method of claim 94, wherein the amyloidosis is Alzheimer’s disease.

The method of claim 94, wherein the amyloidosis is the amyloidosis of Down’s

syndrome.

A method of identifying an agent capable of binding to a product as defined in any
one of claims 1 to 77, which method comprises the steps of: a) exposing one or
more agents of interest to the product for a time and under conditions sufficient
for the one or more agents to bind to the product; and b) identifying those agents

which bind to the product.
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98. The method of claim 97, wherein the agent is an antibody, a non-antibody binding

99.

molecule, an aptamer or a small molecuiar weight compound.

A method of providing an antibody capable of binding to a product as defined in
any one of claims 1 o 77, which comprises

i) providing an antigen comprising the product;

ii) exposing an antibody repertoire to said antigen; and

iii) selecting from said repertoire an antibody which binds to the product.

100. A molecule comprising an amino acid sequence identical to a portion (X-Y) of an

amino acid sequence selected from the group consisting of

D1AE3F ,RsHsD7SeGoY 10E 11V 12H 13H14Q15K1sl17V18A18F 20A21 E25D23V24G5S 26N27Kos
GaoAsols1130G33l24M3sVasGarGasVagVaols1As2 Tas (SEQ ID NO: 13),

D1AE:FsRsHeD 785G Y 10E11V12H 13H14QusK1sL 17V 18F 10A20A21 E 22023V 24 G255 26 N7 K s
GaoAsola1l32Ga3l 34M35V35Ga7GsgVagVaol 1A Tas (SEQ ID NO: 14),
D1AE;F4RsHeD7SsGoY 10E 11V12H13H14Q15K1sk 17V 18F 16F 20A21A20D25V24G25S26N27K2s
GooAsols1152Gast-34MasV36Ga7G36VaoVaol 1Az Tas (SEQ ID NO: 15),
D1AE;FsRsHeD7SsGaY 10E 11V12H13H14QusK1eL17V 18F 19F 20A21 F22D25V24G 258 26N27Kzs
GaoAsol3113:Ga3L.3aMssV36GarGasVagVaol Az Tas (SEQ 1D NO: 16),
D1A2E3F4R5H6DTSBG9Y10E11V12H13H14015K16L17V1BF'19F20A21V22D23V24625823N27K28
GaoAsolsilz2Gaal 3sMasVasG37GasVaeVaol11As2T4s (SEQ ID NO: 17},

DyAE F4RsHeD 786G Y 10E11V12H13H14Q1sK16L47V18F 10F 20A21L22D25V24G25S26N27Kos
GaoAsol31132G 3l 3sMasV26Ga7GsVagVaols1A42Tas (SEQ ID NO: 18),

DiAE F4RsHsD7S6GsY 10E11V12H13H14Q15K16L17V18F 19F 20A21 E20K25V24G25 S 26 N7 Kog
GaoAsol3113:G331.34M3sV36G27G36Va9Vaols1A42 T (SEQ ID NO: 19),
D1AZEsFsRsHeD785GsY 10E 11V 12H 13H14Q15K16L17V18F 16F 20A21E20L23V24G25S26N27Kza
GasAsol31132G 33l 54MasV36G 57 GasVaeVaola1As2T43 (SEQ ID NO: 20),
D1AEFsRsHeD7S5GsY 10E11V12H 13H14QusKseL 17V 18F 19F 20A21 E22D23V24 V25826 N27Kog
G0Aaol31132G 33l 3sMasVasG37GaVasVaolarAsz T3 (SEQ ID NO: 21),
D1AE:F4RsHeD7S:GsY 10E11V12H15H14Q15Ki6L 17V 18F 10F 20A21E22D23V24 G258 26N27 Kee
G29Ganla1ls2Gasl 3aMasVa6Ga7GissVasVaols1As2 Tas (SEQ 1D NO: 22),
D1AE3F4RsHsD78:GoY 10E 11V 12H13H14QusK1sL 17V 18F 16G20A21A22D 23V 24 G258 26N27Kos
GaoAsolailzGasl 34MasV 3G GagVasVaols1As2T4s (SEQ 1D NO: 23),
D1AE3FsRsHsD7S8GoY 10E11V12H13H14Q15K16k17V18F 19A20A21 E20D 25V 24 G5 S 26N27 K25
G2oA30A31132G33L.34Ma5VasG3rGasVaeVaola1Aaz Tas (SEQ ID NO: 24),
D1AEsFsRsHeD7SsGoY 10E11Vi12H 13H 14Qu15Ki6L17V18F 19C 20A21E 22023V 24 G258 26N27Kos
G29A30C31132G33l-34MasV36G37GasVaeVaola1Auz T43 (SEQ ID NO: 25),
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D1AEsF sRsHsD;S6GoY 10E 11V 12H13H14QsK16L17V 18F 19F 20Q21L 20023V 24G 258 26Na7Kas
GooAsolarti2Gaal 3sMssVasGarGasVaeVaolsAsaTas (SEQ ID NO: 26),
D1AEsF4RsHsD7SsGsY 10E11V12H13H14Q15K16L17V 18F 19F 20L21Q20D23V24 G258 26 N7 Ko
GoAsolathsGaal34M35V36G37G s VaeVaolarAszTas (SEQ ID NO: 27),
D1AZEsFRsHaD78:GsY 10E11Vi2H13H14Q1sKisl 17V 18F 19F 20Q21E 22N25V 24G 258 26Nar Ks
GooAsolarlsaGaskaaMssVasGarGasVaeVaolaiAsz T4z (SEQ ID NO: 28),
D1A2E3F4R5H6D7SBG9Y10E11V12H13H14Q15K16|—17V18F19F20A21A22D23V24A2SS26N27K2B
GosAaols1152G 33l saMssV 3G 357G a6V 30Vaol 41As2 Tas (SEQ ID NO: 29) and
D1A2EBF4R5HSDTSBG9Y10E11V12H13H14015K16L17V18F19F20A21A22D23V24GZSA26N27K28
G29A30|31I32633|—34M35V35GSTG38V39V40|41A42T43 (SEQ lD NO 30)

with X being selected from the group consisting of the numbers 1 .. 18 and Y be-
ing selected from the group consisting of the numbers 33 .. 43; or a crosslinked
derivative thereof, wherein at least 2 non-contiguous residues of the amino acid
sequence are covalently linked with each other.

The molecule or crosslinked derivative thereof of claim 100, whereiﬁ Xis selected

from the group consisting of the numbers 1 .. 18,4 .. 18,12 .. 18, oris 18.

The molecule or crosslinked derivative thereof of claim 100 or 101, wherein Y is
selected from the group consisting of the numbers 33 .. 43,33 .. 42,33 .. 41, or
33..40.

The molecule or crosslinked derivative thereof of any one of claims 100 to 102,
wherein (X-Y) is selected from the group consisting of (1-42), (4-42), (12-42}, or
(18- 42).
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