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© (54) Title: AMYLOID-BETA BINDING PROTEINS

(57) Abstract: The present invention relates to amyloid-beta (Α β) binding proteins. Antibodies of the inven- tion have high affini-
¾ ty to Α β(20-42) globulomer or any Α β form that comprises the globulomer epitope. Method of making and method of using the
S antibodies of the invention are also provided.



AMYLOID-BETA BINDING PROTEINS

Sequence Listing

The instant application contains a Sequence Listing which has been submitted in ASCII

format via EFS-Web and is hereby incorporated by reference in its entirety. Said ASCII

copy, created on October 10, 201 1, is named 10478WOO.txt and is 50,523 bytes in size.

Field of the Invention

The present invention relates to amyloid-beta (Afi) binding proteins, nucleic acids encoding

said proteins, methods of producing said proteins, compositions comprising said proteins and

the use of said proteins in diagnosis, treatment and prevention of conditions such as amyloi-

doses, e.g., Alzheimer's disease.

Backeround of the Invention

Alzheimer's disease (AD) is a neurodegenerative disorder characterized by a progressive loss

of cognitive abilities and by characteristic neuropathological features comprising deposits of

amyloid beta (Αβ) peptide, neurofibrillary tangles and neuronal loss in several regions of the

brain (Hardy and Selkoe, Science 297: 353, 2002; Mattson, Nature 431 : 7004, 2004. Cerebral

amyloid deposits and cognitive impairments very similar to those observed in Alzheimer's

disease are also hallmarks of Down syndrome (trisomy 21), which occurs at a frequency of

about 1 in 800 births.

The Αβ peptide arises from the amyloid precursor protein (APP) by proteolytic processing.

This processing is effected by the cooperative activity of several proteases named α-, β- and

γ-secretase and leads to a number of specific fragments of differing length. The amyloid

desposits consist mostly of peptides with a length of 40 or 42 amino acids (Αβ40, Αβ42).

This also includes, in addition to human variants, isoforms of the amyloid β(1-42) protein

present in organisms other than humans, in particular, other mammals, especially rats. This

protein, which tends to polymerize in an aqueous environment, may be present in very differ-

ent molecular forms. A simple correlation of the deposition of insoluble protein with the oc¬

currence or progression 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,



Neurobiol. Aging 16: 285-298, 1995). In contrast, the loss of synapses and cognitive percep¬

tion seems to correlate better with soluble forms of Αβ(1-42) (Lue et al, Am. J. Pathol. 155:

853-862, 1999; McLean et al, Ann. Neurol. 46: 860-866, 1999).

None of the polyclonal and monoclonal antibodies which have been raised in the past against

monomelic Αβ(1-42) have proven to produce the desired therapeutic effect without also

causing serious side effects in animals and/or humans. For example, passive immunization

results from preclinical studies in very old APP23 mice which received a N-terminal directed

anti-AP (l-42) antibody once weekly for 5 months indicate therapeutically relevant side ef-

fects. In particular, these mice showed an increase in number and severity of microhemor-

rhages compared to saline-treated mice (Pfeifer et al, Science 298: 1379, 2002). A similar

increase in hemorrhages was also described for very old (>24 months) Tg2576 and PDAPP

mice (Wilcock et al, J Neuroscience 23: 3745-51, 2003; Racke et al, J Neuroscience 25:

629-636, 2005). In both strains, injection of anti-AP (l-42) resulted in a significant increase of

microhemorrhages.

WO 2004/067561 refers to globular oligomers ("globulomers") of Αβ(1^2) peptide and a

process for preparing them. WO 2006/094724 relates to non-diffusible globular Αβ(Χ - 38 ..

43) oligomers wherein X is selected from the group consisting of numbers 1 .. 24. WO

2004/06756 1 and WO 2006/094724 further describes that limited proteolysis of the globulo¬

mers yields truncated versions of said globulomers such as Αβ(20-42) or Αβ(12-42) globu¬

lomers. WO 2007/064917 describes the cloning, expression and isolation of recombinant

forms of amyloid β peptide (referred to hereafter as N-Met Αβ(1-42)) and globulomeric

forms thereof. The data suggest the existence of an amyloid fibril independent pathway of Αβ

folding and assembly into Αβ oligomers which display one or more unique epitopes (herein¬

after referred to as the globulomer epitopes). Since globulomer epitopes were detected in the

brain of AD patients and APP transgenic mice and the globulomer specifically binds to neu¬

rons and blocks LTP, the globulomer represents a pathologically relevant Αβ conformer. It

has been found that soluble Αβ globulomer exert its detrimental effects essentially by inter-

action with the P/Q type presynaptic calcium channel, and that inhibitors of this interaction

are therefore useful for treatment of amyloidoses such as Alzheimer's disease (WO

2008/104385).



Antibodies which selectively bind to such globulomeric forms of Αβ have been described in

WO 2007/064972, WO 2007/062852, WO 2008067464, WO 2008/150946 and WO

2008/150949. For instance, several monoclonal antibodies known from WO 2007/062852

and WO 2008/150949 specifically recognize Αβ(20-42) globulomer.

There exists a tremendous, unmet therapeutic need for the development of biologies such as

Αβ binding proteins that prevent or slow down the progression of the disease without induc¬

ing negative and potentially lethal effects on the human body. Such a need is particularly evi¬

dent in view of the increasing longevity of the general population and, with this increase, an

associated rise in the number of patients annually diagnosed with Alzheimer's disease or re¬

lated disorders. Further, such Αβ binding proteins will allow for proper diagnosis of Alz¬

heimer's disease in a patient experiencing symptoms thereof, a diagnosis which can only be

confirmed upon autopsy at the present time. Additionally, the Αβ binding proteins will allow

for the elucidation of the biological properties of the proteins and other biological factors

responsible for this debilitating disease.

Summary of the Invention

The present invention provides a novel family of Αβ binding proteins (or simply "binding

proteins"), in particular antibodies such as murine monoclonal antibodies, chimeric antibod-

ies, CDR grafted antibodies, humanized antibodies, and fragments thereof, capable of binding

to soluble Αβ globulomers, for example, AJ3(20-42) globulomer as described herein. It is

noted that the binding proteins of the present invention may also be reactive with {i.e. bind to)

Αβ forms other than the Αβ globulomers described herein, such Αβ forms may be present in

the brain of a patient having an amyloidosis auch as Alzheimer's disease. These Αβ forms

may or may not be oligomeric or globulomeric. The Αβ forms to which the binding proteins

of the present invention bind include any Αβ form that comprises the globulomer epitope

with which the murine/mouse monoclonal antibody m4C9 (hereinafter described and referred

to as "m4C9") or mlOB3 (hereinafter described and referred to as "ml0B3") are reactive.

Such Αβ forms are hereinafter referred to as "targeted Αβ forms". Further, the present inven-

tion also provides a therapeutic means with which to inhibit the activity of said targeted Αβ

forms and provides compositions and methods for treating diseases associated with said tar¬

geted Αβ forms, particularly amyloidosis such as Alzheimer's disease.



In one aspect, the invention provides a binding protein comprising six amino acid sequences

which are at least 75%, at least 85%, at least 90%, or 100% identical to the amino acid se¬

quences forming the set consisting of

SEQ ID NO: 17: SYWMH,

SEQ ID NO: 18: RIDPKSGDTKYTEKFKS,

SEQ ID NO: 19: MSKLSGTHAWFAY,

SEQ ID NO:20: KASQDINSYLT,

SEQ ID NO:21: RANRLVD, and

SEQ ID NO:22: LQYDEFPLT.

Such a binding protein is specified herein with the term "4C9-type".

In another aspect of the invention, the 4C9-type binding protein described above comprises a

first amino acid sequence which is at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identi-

cal to an amino acid sequence selected from the group consisting of

SEQ ID NO: 1:

QVQLQQPGAELVKPGASVKLSCKAPGYTFTSYWMHWVKQRPGQGLEWIGRIDP-

KSGDTKYTEKFKSKATLTVDKPSSTAYMQLSSLTSEDSAVYYCTTMSKLSGTHAW-

FAYWGQGTLVTVSA;

SEQ ID NO:3:

XVQLVQSGAEVKKPGX SVKVSCKASGX 7TFX 0SYWMHWVRQAPGQGLEW

X 8GRIDPKSGDTKYTEKFKSRX TX70TX7 DKSTSTAYMELSSLRSEDTAVYYCX7X98

MSKLSGTHAWFAYWGQGTLVTVSS,

wherein X1 is Q or E, X16 is S or A, X27 is G or Y, X30 is S or T, X48 is M or I, X68 is V or A,

X70 is I or L, X72 is A or V, X97 is A or T, and X98 is R or T;

SEQ ID NO:4:

XVQLVQSGSELKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWX4 GRIDP

KSGDTKYTEKFKSRX 8VX SX DX74SVSTAYLQISSLKAEDTAVYYCX7X 8MSKLS

GTHAWFAYWGQGTLVTVSS,

wherein X1 is Q or E, X48 is M or I, X68 is F or A, X70 is F or L, X72 is L or V, X74 is T or ,



X 7 is A or T, and X is R or T;

SEQ ID NO:6:

QVQLVQSGAEVKKPGSSVKVSCKASGGTFSSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRVTITADKSTSTAYMELSSLRSEDTAVYYCARMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID NO:7:

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRVTITADKSTSTAYMELSSLRSEDTAVYYCARMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID NO:8:

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWIGRIDP-

KSGDTKYTEKFKSRATLTVDKSTSTAYMELSSLRSEDTAVYYCTTMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID NO:9:

EVQLVQSGAEVKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRVTITVDKSTSTAYMELSSLRSEDTAVYYCATMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID NO: 10:

QVQLVQSGSELKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID O:l l :

EVQLVQSGSELKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRFVFSLDTSVSTAYLQISSLKAEDTAVYYCARMSKLSGTHAW-

FAYWGQGTLVTVSS;

SEQ ID NO: 12:



EVQLVQSGSELKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWIGRIDP-

KSGDTKYTEKFKSRAVLSVDKSVSTAYLQISSLKAEDTAVYYCTTMSKLSGTHAW-

FAYWGQGTLVTVSS; and

SEQ ID NO:13:

EVQLVQSGSELKKPGASVKVSCKASGYTFTSYWMHWVRQAPGQGLEWMGRIDP-

KSGDTKYTEKFKSRFVFSVDTSVSTAYLQISSLKAEDTAVYYCATMSKLSGTHAW-

FAYWGQGTLVTVSS;

or a second amino acid sequence which is at least 90%, at least 91%, at least 92%, at least

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or

100% identical to an amino acid sequence selected from the group consisting of

SEQ ID NO:2:

DIKMTQSPSSMYASLGERVTITCKASQDINSYLTWFQQKPGKSPKTLIYRANRL-

VDGVPSRFSGSGSGQDYSLTISSLEYEDMGIYYCLQYDEFPLTFGAGTKLELK;

SEQ D NO:5:

DIQMTQSPSSLSASVGDRVTITCKASQDINSYLTWFQQKPG-

KAP X4 LIYRANRLVDGVPSRFSGSGSGTDX7,TLTISSLQPEDFATYYCLQYDEFPLT

FGQGTKLEIK,

wherein X46 is S or L or T, and X7 1 is F or Y;

SEQ ID NO: 14:

DIQMTQSPSSLSASVGDRVTITCKASQDINSYLTWFQQKPGKAPKSLIYRANRL-

VDGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCLQYDEFPLTFGQGTKLEIK;

SEQ ID NO: 15:

DIQMTQSPSSLSASVGDRVTITCKASQDINSYLTWFQQKPGKAPKLLIYRANRL-

VDGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCLQYDEFPLTFGQGTKLEIK; and

SEQ ID NO: 16:

DIQMTQSPSSLSASVGDRVTITCKASQDINSYLTWFQQKPGKAPKTLIYRANRL-

VDGVPSRFSGSGSGTDYTLTISSLQPEDFATYYCLQYDEFPLTFGQGTKLEIK.



In another aspect of the invention, the 4C9-type binding protein described above comprises a

first and a second amino acid sequence as defined above.

In one aspect, the 4C9-type binding protein described herein is an antibody. This antibody

may be, for example, an immunoglobulin molecule, a disulfide linked Fv, a monoclonal anti¬

body (mab), a single chain Fv (scFv), a murine antibody, a chimeric antibody, a humanized

antibody, a single domain antibody, a CDR-grafted antibody, a diabody, a multispecific anti¬

body, a Fab, a dual specific antibody, a dual variable domain (DVD) binding molecule, a

Fab', a bispecific antibody, a F(ab')2, or a Fv. The antibody sequences may correspond to

human or murine antibody sequences.

When the 4C9-type binding protein described herein is an antibody, it comprises a set of six

complementarity determining regions (CDRs) that corresponds to the set of sequences as de-

fined above. For example, a 4C9-type antibody of the invention comprises at least six CDRs

which are at least 75%, at least 85%, at least 90%, or 100% identical to the sequences form¬

ing the CDR set consisting of SEQ ID NOs: 17, 18, 19, 20, 2 1 and 22.

In another aspect of the invention, the antibody comprises at least one variable heavy chain

that corresponds to the first amino acid sequence as defined above, and at least one variable

light chain that corresponds to the second amino acid sequence as defined above. For exam¬

ple, a 4C9-type antibody of the invention comprises (i) at least one variable heavy chain

comprising an amino acid sequence which is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% or 100% identical to an amino acid sequence selected from the group con-

sisting of SEQ ID NOs: 1, 3, 4, 6, 7, 8, 9, 10, 11, 12 and 13; and (ii) at least one variable light

chain comprising an amino acid sequence which is at least 90%, 91%, 92%, 93%, 94%, 95%,

96%, 97%, 98%, 99% or 100% identical to an amino acid sequence selected from the group

consisting of SEQ ID NOs: 2, 5, 14, 15 and 16.

The invention further provides a binding protein comprising six amino acid sequences which

are at least 65%, at least 75%, at least 85%, at least 90%, or 100% identical to the amino acid

sequences forming the set consisting of



SEQ ID NO:33: DYEMV,

SEQ ID NO:34: YISSGSRTIHYADTVKG,

SEQ ID NO:35: TLLRLHFDY,

SEQ ID NO:36: KSSQSLLYSGNQKNFLA,

SEQ ID NO:37: WASTRES, and

SEQ ID NO:38: QQYYSYPWT.

Such a binding protein is specified herein with the term "10B3-type".

In a further aspect of the invention, the 10B3-type binding protein described above comprises

a first amino acid sequence which is at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or 100% identi¬

cal to an amino acid sequence selected from the group consisting of

SEQ ID NO:25:

EVKLVESGGGLVQPGGSRKLSCAASGFTFSDYEMVWVRQAPGEGLEWVAYISSGS-

RTIHYADTVKGRFTISRDNPKNTLFLQMSSLRSEDTAMYYCARTLLRLHFDYW-

GQGTILTVSS,

SEQ ID NO:27:

EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYEMVWVRQAPGK-

GLEWVX YISSGSRTIHYADTVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAR

TLLRLHFDYWGQGTLVTVSS,

wherein X49 is S or A,

SEQ ID NO:29:

EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYEMVWVRQAPGKGLEWVSYISSGS-

RTIHYADTVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARTLLRLHFDYW-

GQGTLVTVSS, and

SEQ ID NO:30:

EVQLVESGGGLVQPGGSLRLSCAASGFTFSDYEMVWVRQAPGKGLEWVAYISSGS-

RTIHYADTVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCARTLLRLHFDYW-

GQGTLVTVSS;



or a second amino acid sequence which is at least 90%, at least 91%, at least 92%, at least

93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, at least 99% or

100% identical to an amino acid sequence selected from the group consisting of

SEQ ID NO:26:

DIVMSQSPSSLAVSVGEKVTMSCKSSQSLLYSGNQKNFLAWYQQKPGQSPKLLIY-

WASTRESGVPDRFTGSGSGTDFTLTISSVKAEDLAVYYCQQYYSYPWTFGGDTK-

LEIK,

SEQ ID NO:28:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSGNQKNFLAWYQQKP-

GQX4 PKLLIYWASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSYPW

TFGGGTKVEIK,

wherein X49 is P or S,

SEQ ID NO:31:

DIYMTQSPDSLAVSLGERATINCKSSQSLLYSGNQKNFLAWYQQKPGQPPKLLIY-

WASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSYPWTFGGGT-

KVEIK, and

SEQ ID NO:32:

DIVMTQSPDSLAVSLGERATINCKSSQSLLYSGNQIdSfFLAWYQQKPGQSPKLLIY-

WASTRESGVPDRFSGSGSGTDFTLTISSLQAEDVAVYYCQQYYSYPWTFGGGT-

KVEIK.

In another aspect of the invention, the 10B3-type binding protein described above comprises

a first and a second amino acid sequence as defined above.

In one aspect, the 10B3-type binding protein described herein is an antibody. This antibody

may be, for example, an immunoglobulin molecule, a disulfide linked Fv, a monoclonal anti-

body (mab), a single chain Fv (scFv), a murine antibody, a chimeric antibody, a humanized

antibody, a single domain antibody, a CDR-grafted antibody, a diabody, a multispecific anti¬

body, a Fab, a dual specific antibody, a dual variable domain (DVD) binding molecule, a



Fab', a bispecific antibody, a F(ab')2, or a Fv. The antibody sequences may correspond to

human or murine antibody sequences.

When the 10B3-type binding protein described herein is an antibody, it comprises a set of six

complementarity determining regions (CDRs) that corresponds to the set of sequences as de¬

fined above. For example, a 10B3-type antibody of the invention comprises at least six CDRs

which are at least 75%, at least 85%, at least 90%, or 100% identical to the sequences form¬

ing the CDR set consisting of SEQ ID NOs:33, 34, 35, 36, 37 and 38.

In another aspect of the invention, the antibody comprises at least one variable heavy chain

that corresponds to the first amino acid sequence as defined above, and at least one variable

light chain that corresponds to the second amino acid sequence as defined above. For exam¬

ple, a 10B3-type antibody of the invention comprises (i) at least one variable heavy chain

comprising an amino acid sequence which is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,

97%, 98%, 99% or 100% identical to an amino acid sequence selected from the group con¬

sisting of SEQ ID NOs: 25, 27, 29 and 30; and (ii) at least one variable light chain comprising

an amino acid sequence which is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% or 100% identical to an amino acid sequence selected from the group consisting of SEQ

ID NOs: 26, 28, 3 1 and 32.

The binding protein described herein may further (in addition to the first and second amino

acid sequence) comprise another moiety which may be another amino acid sequence or other

chemical moiety. For instance, an antibody of the present invention may comprise a heavy

chain immunoglobulin constant domain. Said heavy chain immunoglobulin constant domain

may be selected from the group consisting of a human IgM constant domain, a human IgG4

constant domain, a human IgGl constant domain, a human IgE constant domain, a human

IgG2 constant domain, a human IgG3 constant domain, and a human IgA constant domain. In

another aspect, the binding protein of the invention further comprises a heavy chain constant

region having an amino acid sequence selected from the group consisting of SEQ ID NO:41

and SEQ ID NO:42, additionally a light chain constant region having an amino acid sequence

selected from the group consisting of SEQ ID NO:43 and SEQ ID NO:44.



The binding protein, e.g. the antibody, described herein may further comprise a therapeutic

agent, an imaging agent, residues capable of facilitating formation of an immunoadhesion

molecule and/or another functional molecule (e.g. another peptide or protein). The imaging

agent can be a radiolabel including but not limited to 3H, 1 C, 35S, 90Y, 9Tc, 1 'in, 5I, 3 I,

177Lu, 1 Ho, and Sm an enzyme, a fluorescent label, a luminescent label, a bioluminescent

label, a magnetic label, or biotin.

The binding protein of the present invention can be glycosylated. According to one aspect of

the invention, the glycosylation pattern is a human glycosylation pattern.

In one aspect of the invention, the above-described binding protein binds to an Αβ form that

comprises the globulomer epitope with which murine monoclonal antibody m4C9 or ml0B3

are reactive (i.e. a targeted Αβ form). In particular the above-described binding proteins bind

to amyloid-beta (20-42) globulomer as described herein.

In one aspect of the invention, the binding protein described herein is capable of modulating a

biological function of Αβ(20-42) globulomer. In a further aspect of the invention, the binding

protein described herein is capable of neutralizing Αβ(20-42) globulomer activity.

The binding protein of the present invention may exist as a crystal. In one aspect, the crystal

is a carrier-free pharmaceutical controlled release crystal. In another aspect, the crystallized

binding protein has a greater half life in vivo than its soluble counterpart. In still another as¬

pect, the crystallized binding protein retains biological activity after crystallization.

The present invention also provides an isolated nucleic acid encoding any one of the binding

proteins disclosed herein. A further embodiment provides a vector comprising said nucleic

acid. Said vector may be selected from the group consisting of pcDNA, pTT (Durocher et al.,

Nucleic Acids Research 30(2), 2002), pTT3 (pTT with additional multiple cloning site),

pEFBOS (Mizushima and Nagata, Nucleic acids Research 18(17), 1990), pBV, pJV, and pBJ.

In another aspect of the invention, a host cell is transformed with the vector disclosed above.

According to one embodiment, the host cell is a prokaryotic cell including but not limited to

E.coli. In a related embodiment, the host cell is a eukaryotic cell selected from the group



comprising a protist cell, animal cell, plant cell and fungal cell. The animal cell may be se¬

lected from the group consisting of a mammalian cell, an avian cell and an insect cell. Ac¬

cording to one aspect of the invention, said mammalian cell is selected from the group com¬

prising CHO and COS, said fungal cell is a yeast cell such as Saccharomyces cerevisiae, and

said insect cell is an insect Sf cell.

Further, the invention provides a method of producing a binding protein as disclosed herein

that comprises culturing any one of the host cells disclosed herein in a culture medium under

conditions and for a time suitable to produce said binding protein. Another embodiment pro-

vides a binding protein of the invention produced according to the method disclosed herein.

In another embodiment, the invention provides a binding protein produced according to the

method disclosed above.

The invention also provides a pharmaceutical composition comprising a binding protein, e.g.

an antibody, as disclosed hererin and a pharmaceutically acceptable carrier.

One embodiment of the invention provides a composition for the release of the binding pro¬

tein described herein wherein the composition comprises a formulation which in turn com¬

prises a crystallized binding protein, e.g. a crystallized antibody, as disclosed above, and an

ingredient; and at least one polymeric carrier. In one aspect the polymeric carrier is a polymer

selected from one or more of the group consisting of: poly(acrylic acid), poly(cyano-

acrylates), poly(amino acids), poly(anhydrides), poly(depsipeptides), poly(esters), poly(lactic

acid), poly(lactic-co-glycolic acid) or PLGA, poly ( -hydroxybutryate), poly(caprolactone),

poly(dioxanone); poly(ethylene glycol), poly((hydroxypropyl) methacrylamide),

poly((organo)phosphazene), poly(ortho esters), poly(vinyl alcohol), poly(vinylpyrrolidone),

maleic anhydride - alkyl vinyl ether copolymers, pluronic polyols, albumin, alginate, cellu¬

lose and cellulose derivatives, collagen, fibrin, gelatin, hyaluronic acid, oligosaccharides,

glycaminoglycans, sulfated polysaccharides, blends and copolymers thereof. In another as¬

pect the ingredient is selected from the group consisting of: albumin, sucrose, trehalose, lac-

titol, gelatin, hydroxypropyl - -cyclodextrin, methoxypolyethylene glycol and polyethylene

glycol.



The present invention also relates to a method of inhibiting (i.e. reducing) the activity of

Αβ(20-42) globulomer (or any other targeted Αβ form) comprising contacting said targeted

Αβ form with binding protein(s) of the invention such that the activity of said targeted Αβ

form is inhibited (i.e. reduced). In a particular embodiment, said activity is inhibited in vitro.

This method may comprise adding the binding protein of the invention to a sample, e.g. a

sample derived from a subject (e.g., whole blood, cerebrospinal fluid, serum, tissue, etc.) or a

cell culture which contains or is suspected to contain a targeted Αβ form, in order to inhibit

(i.e. reduce) the activity of the Αβ form in the sample. Alternatively, the activity of said tar¬

geted Αβ form may be inhibited (i.e. reducd) in a subject in vivo. Thus, the present invention

further relates to the binding protein described herein for use in inhibiting (i.e. reducing) the

activity of a targeted Αβ form in a subject comprising contacting said Αβ form with binding

protein(s) of the invention such that the activity of the Αβ form is inhibited (i.e. reduced).

In a related aspect, the invention provides a method for inhibiting (i.e. reducing) the activity

of a targeted Αβ form in a subject suffering from a disease or disorder in which the activity of

said Αβ form is detrimental. In one embodiment, said method comprises administering to the

subject at least one of the binding proteins disclosed herein such that the activity of a targeted

A form in the subject is inhibited (i.e. reduced). Thus, the invention provides the Αβ binding

proteins described herein for use in inhibiting (i.e. reducing) a targeted AB form in a subject

suffering from a disease or disorder as described herein, wherein at least one of the binding

proteins disclosed herein is administered to the subject such that the activity of said Afi form

in the subject is inhibited (i.e. reduced).

In a related aspect, the invention provides a method for treating (e.g., curing, suppressing,

ameliorating, delaying or preventing the onset of, or preventing recurrence or relapse of) or

preventing a disease or disorder selected from the group consisting of Alphal-antitrypsin-

deficiency, C -inhibitor deficiency angioedema, Antithrombin deficiency thromboembolic

disease, Kuru, Creutzfeld- Jacob disease/scrapie, Bovine spongiform encephalopathy, Gerst-

mann-StraussIer-Scheinker disease, Fatal familial insomnia, Huntington's disease, Spino-

cerebellar ataxia, Machado-Joseph atrophy, Dentato-rubro-pallidoluysian atrophy, Fronto-

temporal dementia, Sickle cell anemia, Unstable hemoglobin inclusion-body hemolysis,

Drug-induced inclusion body hemolysis, Parkinson's disease, Systemic AL amyloidosis,

Nodular AL amyloidosis, Systemic AA amyloidosis, Prostatic amyloidosis, Hemodialysis



amyloidosis, Hereditary (Icelandic) cerebral angiopathy, Huntington's disease, Familial vis¬

ceral amyloidosis, Familial visceral polyneuropathy, Familial visceral amyloidosis, Senile

systemic amyloidosis, Familial amyloid neurophathy, Familial cardiac amyloidosis, Alz¬

heimer's disease, Down syndrome, Medullary carcinoma thyroid and Type 2 diabetes melli-

tus (T2DM). In a particular embodiment, said disease or disorder is an amyloidosis such as

Alzheimer's disease or Down syndrome. In one embodiment, said method comprising the

step of administering any one of the Αβ binding proteins disclosed herein such that treatment

s achieved. In another embodiment, the invention provides a method of treating a subject

suffering from a disease or disorder disclosed herein comprising the step of administering any

one of the Αβ binding proteins disclosed herein, concurrent with or after the administration of

one or more additional therapeutic agent(s). Thus, the invention provides the Αβ binding

proteins disclosed herein for use in treating a subject suffering from a disesase or disorder

disclosed herein comprising the step of administering any one of the binding proteins dis¬

closed herein, concurrent with or after the administration of one or more additional therapeu-

tic agent(s). For instance, the additional therapeutic agent is selected from the group of thera¬

peutic agents listed herein.

The binding proteins disclosed herein and the pharmaceutical compositions comprising said

binding proteins are administered to a subject by at least one mode selected from parenteral,

subcutaneous, intramuscular, intravenous, intraarticular, intrabronchial, intraabdominal, in¬

tracapsular, intracartilaginous, intracavitary, intracelial, intracerebellar, intracerebroventricu-

lar, intracolic, intracervical, intragastric, intrahepatic, intramyocardial, intraosteal, intrapelvic,

intrapericardiac, intraperitoneal, intrapleural, intraprostatic, intrapulmonary, intrarectal, intra-

renal, intraretinal, intraspinal, intrasynovial, intrathoracic, intrauterine, intravesical, bolus,

vaginal, rectal, buccal, sublingual, intranasal, and transdermal.

In another embodiment, the present invention provides a method for detecting a targeted Afl

form in a sample comprising (i) contacting said sample with binding protein(s) of the inven¬

tion and (ii) detecting formation of a complex between said binding protein(s) and elements

of said sample, wherein formation or increased formation of the complex in the sample rela¬

tive to a control sample indicates the presence of said Α β form in the sample. The sample

may be a biological sample obtained from a subject which is suspected of having a disease or

disorder as disclosed herein (e.g., whole blood, cerebrospinal fluid, serum, tissue, etc.) or a



cell culture which contains or is suspected to contain said Αβ form. The control sample does

not contain said Αβ form or is obtained from a patient not having a disease as described

above. The presence of a complex between said binding protein(s) and elements of a sample

obtained from a patient suspected of having Alzheimer's disease indicates a diagnosis of this

disease in said patient.

In an alternative embodiment, the detection of the targeted Afl form may be performed in

vivo, e.g. by in vivo imaging in a subject. For this purpose, the binding protein(s) of the in¬

vention may be administered to a subject or a control subject under conditions that allow

binding of said protein(s) to the targeted A form and detecting formation of a complex be¬

tween said binding protein(s) and said Αβ form, wherein formation or increased formation of

the complex in the subject relative to the control subject indicates the presence of said Αβ

form in the subject. The subject may be a subject which is known or suspected to suffer from

a disorder or disease in which activity of a targeted Afi form is detrimental.

Brief Description of the Figures

Figure 1 illustrates the amino acid sequence (SEQ ID NO:l) of the variable heavy chain of

murine antibody m4C9 (m4C9_VH). All CDR regions are underlined.

Figure 2 illustrates the amino acid sequence (SEQ ID NO:2) of the variable light chain of

murine antibody m4C9 (m4C9_VL). All CDR regions are underlined.

Figure 3 illustrates amino acid sequences (SEQ ID NO:3) of the variable heavy chain of hu¬

manized 4C9-type antibodies comprising human VH1-69 and JH4 framework regions. All

CDR regions are underlined.

Figure 4 illustrates amino acid sequences (SEQ ID NO:4) of the variable heavy chain of hu¬

manized 4C9-type antibodies comprising human VH7-4.1 and JH4 framework regions. All

CDR regions are underlined.

Figure 5 illustrates amino acid sequences (SEQ ID NO:5) of the variable light chain of hu¬

manized 4C9-type antibodies comprising human 1-16/L1 and Jk2 framework regions. All

CDR regions are underlined.



Figure 6 illustrates the amino acid sequence (SEQ ID NO:6) of the variable heavy chain of a

humanized 4C9-type antibody (4C9hum_VH.lz) comprising human VH1-69 and JH4

framework regions. All CDR regions are underlined.

Figure 7 illustrates the amino acid sequence (SEQ ID NO:7) of the variable heavy chain of a

humanized 4C9-type antibody (4C9hum_VH.l) comprising human VH1-69 and JH4 frame¬

work regions with a Q1E change to prevent N-terminal pyroglutamate formation and consen¬

sus changes S16A, G27Y and S30T. All CDR regions are underlined.

Figure 8 illustrates the amino acid sequence (SEQ ID NO: 8) of the variable heavy chain of a

humanized 4C9-type antibody (4C9hum_VH.la) comprising human VH1-69 and JH4

framework regions with a Q1E change to prevent N-terminal pyroglutamate formation, con¬

sensus changes S16A, G27Y and S30T, und framework backmutations M48I, V68A, I70L,

A72V, A97T and R98T. All CDR regions are underlined.

Figure 9 illustrates the amino acid sequence (SEQ ID NO:9) of the variable heavy chain of a

humanized 4C9-type antibody (4C9hum_VH.lb) comprising human VH1-69 and JH4

framework regions with a Q1E change to prevent N-terminal pyroglutamate formation, con-

sensus changes S16A , G27Y and S30T, und framework backmutations A72V and R98T. All

CDR regions are underlined.

Figure 10 illustrates the amino acid sequence (SEQ ID NO: 10) of the variable heavy chain of

a humanized 4C9-type antibody (4C9hum_VH.2z) comprising human VH7-4. 1 and JH4

framework regions. All CDR regions are underlined.

Figure 1 illustrates the amino acid sequence (SEQ ID NO:l 1) of the variable heavy chain of

a humanized 4C9-type antibody (4C9hum_VH.2) comprising human VH7-4.1 and JH4

framework regions with a Q1E change to prevent N-terminal pyroglutamate formation. All

CDR regions are underlined.

Figure 12 illustrates the amino acid sequence (SEQ ID NO: 12) of the variable heavy chain of

a humanized 4C9-type antibody (4C9hum_VH.2a) comprising human VH7-4.1 and JH4



framework regions with a Q1E change to prevent N-terminal pyroglutamate formation and

framework backmutations M48I, F68A, F70L, L72V, T74K, A97T and R98T. All CDR re¬

gions are underlined.

Figure 13 illustrates the amino acid sequence (SEQ ID NO: 13) of the variable heavy chain of

a humanized 4C9-type antibody (4C9hum_VH.2b) comprising human VH7-4.1 and JH4

framework regions with a Q1E change to prevent N-terminal pyroglutamate formation and

framework backmutations L72V and R98T. All CDR regions are underlined.

Figure 14 illustrates the amino acid sequence (SEQ ID NO: 14) of the variable light chain of a

humanized 4C9-type antibody (4C9hum_VL.lz) comprising human 1-16/L1 and Jk2

framework regions. All CDR regions are underlined.

Figure 15 illustrates the amino acid sequence (SEQ ID NO: 15) of the variable light chain of a

humanized 4C9-type antibody (4C9hum_VL. 1) comprising human 1- 6 L 1 and Jk2

framework regions with consensus change S46L . All CDR regions are underlined.

Figure 16 illustrates the amino acid sequence (SEQ ID NO: 16) of the variable light chain of a

humanized 4C9-type antibody (4C9hum_VL.la) comprising human 1-16/L1 and Jk2

framework regions with framework backmutations L46T and F71 Y. All CDR regions are

underlined.

Figure 17 illustrates an amino acid sequence alignment of the variable heavy chains of mur¬

ine monoclonal antibody 4C9 (m4C9) and humanized 4C9-type antibodies (4C9hum) com-

prising human VH1-69 and JH4 framework regions. All CDR regions are printed in bold let¬

ters. X at position 1 is Q or E; X at position 16 is S or A; X at position 27 is G or Y; X at po¬

sition 30 is S or T; X at position 48 is or I; X at position 68 is V or A; X at position 70 is I

or L; X at position 72 is A or V; X at position 97 is A or T; and X at position 98 is R or T.

Figure 18 illustrates an amino acid sequence alignment of the variable heavy chains of mur¬

ine monoclonal antibody 4C9 (m4C9) and humanized 4C9-type antibodies (4C9hum) com¬

prising human VH7-4.1 and JH4 framework regions. All CDR regions are printed in bold

letters. X at position 1 is Q or E; X at position 48 is M or I; X at position 68 is F or A; X at



position 70 is F or L X at position 72 is L or V; X at position 74 is T or K; X at position 97 is

A or T; and X at position 98 is R or T.

Figure 19 illustrates an amino acid sequence alignment of the variable light chains of murine

monoclonal antibody 4C9 (m4C9) and humanized 4C9-type antibodies (4C9hum) comprising

human 1-16/L1 and Jk2 framework regions. All CDR regions are printed in bold letters. X at

position 46 is S, L or T; and X at position 7 1 is F or Y.

Figure 20 illustrates the amino acid sequence (SEQ ID NO:25) of the variable heavy chain of

murine antibody ml0B3 (ml0B3_VH). All CDR regions are underlined.

Figure 2 1 illustrates the amino acid sequence (SEQ ID NO:26) of the variable light chain of

murine antibody mlOB3 (ml0B3_VL). All CDR regions are underlined.

Figure 22 illustrates amino acid sequences (SEQ ID NO:27) of the variable heavy chain of

humanized 10B3-type antibodies comprising human VH3-48 and JH4 framework regions.

All CDR regions are underlined.

Figure 23 illustrates amino acid sequences (SEQ ID NO:28) of the variable light chain of

humanized 10B3-type antibodies comprising human 4-1 B3 and Jk4 framework regions. All

CDR regions are underlined.

Figure 24 illustrates the amino acid sequence (SEQ ID NO:29) of the variable heavy chain of

a humanized 10B3-type antibody (10B3hum_VH.l) comprising human VH3-48 and JH4

framework regions. All CDR regions are underlined.

Figure 25 illustrates the amino acid sequence (SEQ ID NO:30) of the variable heavy chain of

a humanized 10B3-type antibody (10B3hum_VH.la) comprising human VH3-48 and JH4

framework regions with framework backmutation S49A. All CDR regions are underlined.

Figure 26 illustrates the amino acid sequence (SEQ ID NO:3 1) of the variable light chain of a

humanized 10B3-type antibody (10B3hum_VL.l) comprising human 4-1/B3 and Jk4 frame¬

work regions. All CDR regions are underlined.



Figure 27 illustrates the amino acid sequence (SEQ ID NO:32) of the variable light chain of a

humanized 10B3-type antibody (10B3hum_VL.la) comprising human 4-1 B3 and Jk4

framework regions with framework backmutation P49S. All CDR regions are underlined.

Figure 28 illustrates an amino acid sequence alignment of the variable heavy chains of mur¬

ine monoclonal antibody 10B3 (mlOB3) and humanized 10B3-type antibodies (10B3hum)

comprising human VH3-48 and JH4 framework regions. All CDR regions are printed in bold

letters. X at position 49 is S or A.

Figure 29 illustrates an amino acid sequence alignment of the variable light chains of murine

monoclonal antibody 10B3 (mlOB3) and humanized 10B3-type antibodies (10B3hum) com¬

prising human 4-1/B3 and Jk4 framework regions. All CDR regions are printed in bold let¬

ters. X at position 49 is P or S. X .

Figure 30 shows a dot blot analysis of the specificity of different murine anti-Αβ antibodies

m4C9, ml0B3 and m6E10 towards different forms of Αβ. Binding of anti-Αβ antibodies to

immobilized Αβ was detected.

1 = Αβ(1-42) monomer, 0.1% NH4OH

2 = Αβ( 1-40) monomer, 0.1% NH4OH

3 = Αβ(1-42) monomer, 0.1%NaOH

4 = Αβ(1-40) monomer, 0.1% NaOH

5 = Αβ(1-42) globulomer

6 = Αβ(12-42) globulomer

7 = Αβ(20-42) globulomer

8 = Αβ(1-42) fibril preparation

9 = sAPPa (Sigma); (first dot: lpmol)

Figures 3 1A and 3IB show platelet factor 4 (PF-4) cross reaction of murine monoclonal anti¬

bodies m4C9, ml0B3 and mlG5, anti human PF-4 antibody (positive control) and IgG2a

(negative control) in (A) Cynomolgus monkey plasma and (B) human plasma, as determined

by sandwich-ELISA. Binding of PF-4 to the immobilized antibodies was detected.



Figures 32A and 32B show platelet factor 4 (PF-4) cross reaction of murine monoclonal anti¬

bodies m4C9, ml0B3 and mlG5, anti human PF-4 antibody (positive control) and IgG2a

(negative control) in (A) Cynomolgus monkey plasma and (B) human plasma, as determined

by aligned sandwich-ELISA. The antibodies were captured on the plate by immobilized anti-

mouse IgG. Binding of PF-4 to the captured antibodies was detected.

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, however, in the event of

any latent ambiguity, definitions provided herein take precedent over any dictionary or ex¬

trinsic 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 "ele¬

ment" or "component" encompass both elements and components comprising one unit and

elements and components that comprise more than one subunit unless specifically stated oth¬

erwise.

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 con¬

ventional methods well known in the art and as described in various general and more spe-

cific references that are cited and discussed throughout the present specification unless oth¬

erwise indicated. Enzymatic reactions and purification 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 chemis-

try 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 pertains to Αβ binding proteins, particularly anti-Αβ antibodies or an

Αβ binding portion thereof, particularly those binding to Αβ(20-42) globulomer. These Αβ

binding proteins are capable of discriminating not only other forms of Αβ peptides, particu¬

larly monomers and fibrils, but also untruncated forms of Αβ globulomers. Thus, the present

invention relates to an Αβ binding protein having a binding affinity to an Αβ(20-42) globu¬

lomer that is greater than the binding affinity of this Αβ binding protein to an Αβ(1-42)

globulomer.

The term "Αβ(Χ-Υ)" as used herein refers to the amino acid sequence from amino acid posi-

tion X to amino acid position Y of the human amyloid beta (Αβ) protein including both X and

Y, in particular to the amino acid sequence from amino acid position X to amino acid posi¬

tion Y of the amino acid sequence DAEFRHDSGY EVHHQKLVFF AEDVGSNKGA

IIGLMVGGVV IAT (SEQ ID NO:45) (corresponding to amino acid positions 1 to 43) or any

of its naturally occurring variants, in particular those with at least one mutation selected from

the group consisting of A2T, H6R, D7N, A2 G ("Flemish"), E22G ("Arctic"), E22Q

("Dutch"), E22K ("Italian"), D23N ("Iowa"), A42T and A42V wherein the numbers are rela¬

tive to the start of the Αβ peptide, including both position X and position Y or a sequence

with up to three additional amino acid substitutions none of which may prevent globulomer

formation. According to one aspect, there are no additional amino acid substitutions in the

portion from amino acid 12 or X, whichever number is higher, to amino acid 42 or Y, which¬

ever number is lower. According to another aspect, there are no additional amino acid sub¬

stitutions in the portion from amino acid 20 or X, whichever number is higher, to amino acid

42 or Y, whichever number is lower. According to another aspect, there are no additional

amino acid substitutions in the portion from amino acid 20 or X, whichever number is higher,

to amino acid 40 or Y, whichever number is lower. An "additional" amino acid substitution

herein is any deviation from the canonical sequence that is not found in nature.

More specifically, the term "Αβ(1-42)" as used herein refers to the amino acid sequence from

amino acid position 1 to amino acid position 42 of the human Αβ protein including both 1

and 42, in particular to the amino acid sequence DAEFRHDSGY EVHHQKLVFF

AEDVGSNKGA IIGLMVGGVV IA (SEQ ID NO:46) or any of its naturally occurring vari¬

ants, in particular those with at least one mutation selected from the group consisting of A2T,

H6R, D7N, A21G ("Flemish"), E22G ("Arctic"), E22Q ("Dutch"), E22K ("Italian"), D23N



("Iowa"), A42T and A42V wherein the numbers are relative to the start of the Αβ peptide,

including both 1 and 42 or a sequence with up to three additional amino acid substitutions

none of which may prevent globulomer formation. According to one aspect, there are no ad¬

ditional amino acid substitutions in the portion from amino acid 20 to amino acid 42. Like-

wise, the term "Αβ(1-40)" as used herein refers to the amino acid sequence from amino acid

position 1 to amino acid position 40 of the human Αβ protein including both 1 and 40, in par¬

ticular to the amino acid sequence DAEFRHDSGY EVHHQKLVFF AEDVGSNKGA

IIGLMVGGVV (SEQ ID NO:47) or any of its naturally occurring variants, in particular

those with at least one mutation selected from the group consisting of A2T, H6R, D7N,

A2 1G ("Flemish"), E22G ("Arctic"), E22Q ("Dutch"), E22K ("Italian"), and D23N ("Iowa")

wherein the numbers are relative to the start of the Αβ peptide, including both 1 and 40 or a

sequence with up to three additional amino acid substitutions none of which may prevent

globulomer formation. According to one aspect, there are no additional amino acid substitu¬

tions in the portion from amino acid 20 to amino acid 40.

More specifically, the term "Αβ(12-42)" as used herein refers to the amino acid sequence

from amino acid position to amino acid position 42 of the human Αβ protein including

both 2 and 42, in particular to the amino acid sequence VHHQKLVFF AEDVGSNKGA

IIGLMVGGVV IA (SEQ ID NO:48) or any of its naturally occurring variants, in particular

those with at least one mutation selected from the group consisting of A21G ("Flemish"),

E22G ("Arctic"), E22Q ("Dutch"), E22K ("Italian"), D23N ("Iowa"), A42T and A42V

wherein the numbers are relative to the start of the Αβ peptide, including both 12 and 42 or a

sequence with up to three additional amino acid substitutions none of which may prevent

globulomer formation. According to one aspect, there are no additional amino acid substitu-

tions in the portion from amino acid 20 to amino acid 42. Likewise, the term "Αβ(20-42)" as

used herein refers to the amino acid sequence from amino acid position 20 to amino acid po¬

sition 42 of the human amyloid β protein including both 20 and 42, in particular to the amino

acid sequence F AEDVGSNKGA IIGLMVGGVV IA (SEQ ID NO:49) or any of its naturally

occurring variants, in particular those with at least one mutation selected from the group con-

sisting of A2 1G ("Flemish"), E22G ("Arctic"), E22Q ("Dutch"), E22K ("Italian"), D23N

("Iowa"), A42T and A42V wherein the numbers are relative to the start of the Αβ peptide,

including both 20 and 42 or a sequence with up to three additional amino acid substitutions



none of which may prevent globulomer formation. According to one aspect, there are any

additional amino acid substitutions.

The term "Αβ(Χ-Υ) globulomer" (Αβ(Χ-Υ) globular oligomer) as used herein refers to a

soluble, globular, non-covalent association of Αβ(Χ-Υ) peptides as defined above, possessing

homogeneity and distinct physical characteristics. According to one aspect, Α β(Χ -Υ) globu-

lomers are stable, non-fibrillar, oligomeric assemblies of Αβ(Χ-Υ) peptides which are obtain¬

able by incubation with anionic detergents. In contrast to monomer and fibrils, these globu-

lomers are characterized by defined assembly numbers of subunits (e.g. early assembly forms

with 4-6 subunits, "oligomers A"; and late assembly forms with 12-14 subunits, "oligomers

B"; as described in WO2004/067561). The globulomers have a 3-dimensional globular type

structure ("molten globule", see Barghorn et al, J Neurochem 95: 834-847, 2005). They may

be further characterized by one or more of the following features:

- cleavability of N-terminal amino acids X-23 with promiscuous proteases (such as thermoly-

sin or endoproteinase GluC) yielding truncated forms of globulomers;

- non-accessibility of C-terminal amino acids 24-Y with promiscuous proteases and antibod¬

ies;

- truncated forms of these globulomers maintain the 3-dimensional core structure of said

globulomers with a better accessibility of the core epitope Αβ(20-Υ) in its globulomer con-

formation.

According to the invention and in particular for the purpose of assessing the binding affinities

of the Αβ binding proteins of the present invention, the term "Α β(Χ-Υ) globulomer" here

refers in particular to a product which is obtainable by a process as described in

WO2004/067561, which is incorporated herein by reference. Said process comprises unfold¬

ing a natural, recombinant or synthetic Αβ(Χ-Υ) peptide or a derivative thereof; exposing the

at least partially unfolded Αβ(Χ -Υ) peptide or derivative thereof to a detergent, reducing the

detergent action and continuing incubation.

For the purpose of unfolding the peptide, hydrogen bond-breaking agents such as, for exam¬

ple, hexafluoroisopropanol (HFIP) may be allowed to act on the protein. Times of action of a

few minutes, for example about 10 to 60 minutes, are sufficient when the temperature of ac¬

tion is from about 20 to 50°C and in particular about 35 to 40°C. Subsequent dissolution of



the residue evaporated to dryness, e.g. in concentrated form, in suitable organic solvents mis-

cible with aqueous buffers, such as, for example, dimethyl sulfoxide (DMSO), results in a

suspension of the at least partially unfolded peptide or derivative thereof, which can be used

subsequently. If required, the stock suspension may be stored at low temperature, for example

at about 20°C, for an interim period. Alternatively, the peptide or the derivative thereof may

be taken up in slightly acidic, e.g. aqueous, solution, for example, an about 10 mM aqueous

HC1 solution. After an incubation time of usually a few minutes, insoluble components are

removed by centrifugation. A few minutes at 10,000 g is expedient. These method steps can

be carried out at room temperature, i.e. a temperature in the range from 20 to 30°C. The su-

pernatant obtained after centrifugation contains the Αβ(Χ-Y) peptide or the derivative thereof

and may be stored at low temperature, for example at about -20°C, for an interim period. The

following exposure to a detergent relates to the oligomerization of the peptide or the deriva¬

tive thereof to give an intermediate type of oligomers (in WO 2004/067561 referred to as

oligomers A). For this purpose, a detergent is allowed to act on the at least partially unfolded

peptide or derivative thereof until sufficient intermediate oligomer has been produced. Pref¬

erence is given to using ionic detergents, in particular anionic detergents.

According to a particular embodiment, a detergent of the formula (I):

R-X,

is used, in which the radical R is unbranched or branched alkyl having from 6 to 20, e.g. 10 to

14, carbon atoms or unbranched or branched alkenyl having from 6 to 20, e.g. 10 to 14, car¬

bon atoms, the radical X is an acidic group or salt thereof, with X being selected, e.g., from

among -COO-M +, -SC 3-M+, and especially -OS -M and is a hydrogen cation or an

inorganic or organic cation selected from, e.g., alkali metal and alkaline earth metal cations

and ammonium cations. Advantageous are detergents of the formula (I), in which R is un¬

branched alkyl of which alk-l-yl radicals must be mentioned in particular. For example, so¬

dium dodecyl sulfate (SDS), lauric acid, the sodium salt of the detergent lauroylsarcosin (also

known as sarkosyl NL-30 or Gardol®) and oleic acid can be used advantageously. The time

of detergent action in particular depends on whether (and if yes, to what extent) the peptide or

the derivative thereof subjected to oligomerization has unfolded. If, according to the unfold¬

ing step, the peptide or derivative thereof has been treated beforehand with a hydrogen bond-

breaking agent, i.e. in particular with hexafluoroisopropanol, times of action in the range of a

few hours, advantageously from about 1 to 20 and in particular from about 2 to 10 hours, are



sufficient when the temperature of action is about 20 to 50°C and in particular about 35 to

40°C. If a less unfolded or an essentially not unfolded peptide or derivative thereof is the

starting point, correspondingly longer times of action are expedient. If the peptide or the de¬

rivative thereof has been pretreated, for example, according to the procedure indicated above

as an alternative to the HFIP treatment or said peptide or derivative thereof is directly sub¬

jected to oligomerization, times of action in the range from about 5 to 30 hours and in par¬

ticular from about 10 to 20 hours are sufficient when the temperature of action is about 20 to

50°C and in particular about 35 to 40°C. After incubation, insoluble components are advanta¬

geously removed by centrifugation. A few minutes at 10,000 g is expedient. The detergent

concentration to be chosen depends on the detergent used. If SDS is used, a concentration in

the range from 0.01 to 1% by weight, e.g. from 0.05 to 0.5% by weight, for example of about

0.2% by weight, proves expedient. If lauric acid or oleic acid are used, somewhat higher con¬

centrations are expedient, for example in a range from 0.05 to 2% by weight, e.g. from 0.1 to

0.5% by weight, for example of about 0.5% by weight. The detergent action should take

place at a salt concentration approximately in the physiological range. Thus, in particular

NaCl concentrations in the range from 50 to 500 mM, e.g. from 100 to 200 mM or at about

140 mM are expedient. The subsequent reduction of the detergent action and continuation of

incubation relates to a further oligomerization to give the Αβ(Χ-Y) globulomer of the inven¬

tion (in WO2004/067561 referred to as oligomers B). Since the composition obtained from

the preceding step regularly contains detergent and a salt concentration in the physiological

range it is then expedient to reduce detergent action and also the salt concentration. This may

be carried out by reducing the concentration of detergent and salt, for example, by diluting,

expediently with water or a buffer of lower salt concentration, for example Tris-HCl, pH 7.3.

Dilution factors in the range from about 2 to 10, advantageously in the range from about 3 to

8 and in particular of about 4, have proved suitable. The reduction in detergent action may

also be achieved by adding substances which can neutralize said detergent action. Examples

of these include substances capable of complexing the detergents, like substances capable of

stabilizing cells in the course of purification and extraction measures, for example particular

EO/PO block copolymers, in particular the block copolymer under the trade name Pluronic®

F 68. Alkoxylated and, in particular, ethoxylated alkyl phenols such as the ethoxylated

t-octylphenols of the Triton® X series, in particular Triton® X I 00, 3-(3-

cholamidopropyldimethylammonio)-l-propanesulfonate (CHAPS®) or alkoxylated and, in

particular, ethoxylated sorbitan fatty esters such as those of the Tween® series, in particular



Tween® 20, in concentration ranges around or above the particular critical micelle concen¬

tration, may be equally used. Subsequently, the solution is incubated until sufficient Αβ(Χ -Υ)

globulomer of the invention has been produced. Times of action in the range of several hours,

e.g. in the range from about 10 to 30 hours or in the range from about 5 to 25 hours, are suf-

ficient when the temperature of action is about 20 to 50°C and in particular about 35 to 40°C.

The solution may then be concentrated and possible residues may be removed by centrifuga-

tion. Here too, a few minutes at 10,000 g proves expedient. The supernatant obtained after

centrifugation contains an Αβ(Χ -Y) globulomer of the invention. An Αβ(Χ-Y) globulomer of

the invention can be finally recovered in a manner known per se, e.g. by ultrafiltration, dialy-

sis, precipitation or centrifugation. For example, electrophoretic separation of the Αβ(Χ -Y)

globulomers under denaturing conditions, e.g. by SDS-PAGE, may produce a double band

(e.g. with an apparent molecular weight of 38/48 kDa for Αβ( 1-42)), and upon glutardialde-

hyde treatment of the globulomers before separation these two bands can merge into one.

Size exclusion chromatography of the globulomers may result in a single peak (e.g. corres-

ponding to a molecular weight of approximately 100 kDa for Αβ(1-42) globulomer or of ap¬

proximately 60 kDa for glutardialdehyde cross-linked Αβ(1-42) globulomer), respectively.

Starting out from Αβ(1-42) peptide, Αβ(12-42) peptide, and Αβ(20-42) peptide said processes

are in particular suitable for obtaining Αβ(1-42) globulomers, Αβ(12-42) globulomers, and

Α β(20-42) globulomers.

In a particular embodiment of the invention, Αβ(Χ-Υ) globulomers wherein X is selected

from the group consisting of the numbers 2 .. 24 and Y is as defined above, are those which

are obtainable by truncating Αβ( Ι -Υ) globulomers into shorter forms wherein X is selected

from the group consisting of the numbers 2 .. 24, for example with X being 20 or 12, and Y is

as defined above, which can be achieved by treatment with appropriate proteases. For in¬

stance, an Αβ(20-42) globulomer can be obtained by subjecting an Αβ(1-42) globulomer to

thermolysin proteolysis, and an Αβ(12-42) globulomer can be obtained by subjecting an

Αβ(1-42) globulomer to endoproteinase GluC proteolysis. When the desired degree of prote¬

olysis is reached, the protease is inactivated in a generally known manner. The resulting

globulomers may then be isolated following the procedures already described herein and, if

required, processed further by further work-up and purification steps. A detailed description

of said processes is disclosed in WO2004/067561, which is incorporated herein by reference.



For the purposes of the present invention, an Αβ(1-42) globulomer is, in particular, the Αβ(1-

42) globulomer as described in Example l a below; an Αβ(20-42) globulomer is in particular

the Αβ(20-42) globulomer as described in Example l b below, and an Αβ(12-42) globulomer

is in particular the Αβ(12-42) globulomer as described in Example l c below. According to

one aspect of the invention, the globulomer shows affinity to neuronal cells and/or exhibits

neuromodulating effects.

According to another aspect of the invention, the globulomer consists of 11 to 16, e.g. of 12

to 14 Αβ(Χ-Υ) peptides. According to another aspect of the invention, the term "Αβ(Χ-Υ)

globulomer" herein refers to a globulomer consisting essentially of Αβ(Χ-Υ) subunits, where

for example on average at least 11 of 12 subunits are of the Αβ(Χ-Υ) type, or less than 10%

of the globulomers comprise any ηοη-Αβ(Χ-Υ) peptides, or the content of ηοη-Αβ(Χ-Υ) pep¬

tides is below the detection threshold. More specifically, the term "Αβ(1-42) globulomer"

herein refers to a globulomer consisting essentially of Αβ(1-42) units as defined above; the

term "Αβ(12-42) globulomer" herein refers to a globulomer consisting essentially of Αβ(12-

42) units as defined above; and the term "Αβ(20-42) globulomer" herein refers to a globulo¬

mer consisting essentially of Αβ(20-42) units as defined above.

The term "cross-linked Αβ(Χ-Y) globulomer" herein refers to a molecule obtainable from an

Αβ(Χ-Υ) globulomer as described above by cross-linking, e.g. by chemically cross-linking,

aldehyde cross-linking, glutardialdehyde cross-linking, of the constituent units of the globu¬

lomer. In another aspect of the invention, a cross-linked globulomer is essentially a globulo¬

mer in which the units are at least partially joined by covalent bonds, rather than being held

together by non-covalent interactions only. For the purposes of the present invention, a cross-

linked Αβ(1-42) globulomer is in particular the cross-linked Αβ(1-42) oligomer as described

in Example Id below.

The term "Αβ(Χ-Y) globulomer derivative" herein refers in particular to a globulomer that is

labelled by being covalently linked to a group that facilitates detection, for example a fluoro-

phore, e.g. fluorescein isothiocyanate, phycoerythrin, Aequorea victoria fluorescent protein,

Dictyosoma fluorescent protein or any combination or fluorescence-active derivative thereof;

a chromophore; a chemoluminophore, e.g. luciferase, in particular Photinus pyralis lucifer-

ase, Vibriofischeri luciferase, or any combination or chemoluminescence-active derivative



thereof; an enzymatically active group, e.g. peroxidase, e.g. horseradish peroxidase, or any

enzymatically active derivative thereof; an electron-dense group, e.g. a heavy metal contain¬

ing group, e.g. a gold containing group; a hapten, e.g. a phenol derived hapten; a strongly

antigenic structure, e.g. peptide sequence predicted to be antigenic, e.g. predicted to be anti-

genie by the algorithm of Kolaskar and Tongaonkar; an aptamer for another molecule; a che¬

lating group, e.g. hexahistidinyl (SEQ ID NO: 71); a natural or nature-derived protein struc¬

ture 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 1251 or any combination thereof; or to a globulomer flagged by being

covalently or by non-covalent high-affinity interaction linked to a group that facilitates inac-

tivation, sequestration, degradation and/or precipitation, for example flagged with a group

that promotes in vivo degradation such as ubiquitin, this flagged oligomer being, e.g., assem¬

bled in vivo; or to a globulomer modified by any combination of the above. Such labelling

and flagging groups and methods for attaching them to proteins are known in the art. Label-

ling and/or flagging may be performed before, during or after globulomerisation. In another

aspect of the invention, a globulomer derivative is a molecule obtainable from a globulomer

by a labelling and/or flagging reaction. Correspondingly, term "Αβ(Χ-Υ) monomer deriva¬

tive" here refers in particular to an Αβ monomer that is labelled or flagged as described for

the globulomer.

In a further aspect of the invention, the binding proteins described herein bind to the Αβ(20-

42) globulomer with a high affinity, for instance with a dissociation constant (K D) of at most

about 10"6 M; at most about 10"7 M; at most about 10"8 M; at most about 10"9 M; at most about

10" ° M; at most about 10 M; at most about 10"12 M; and at most 10 13 M . In one aspect the

on-rate constant (kon) of the binding protein described herein to Αβ(20-42) globulomer is se¬

lected from the group consisting of: at least about 102 NT's' 1; at least about 103 M V ; at least

about 104 M V1; at least about 10 M V1; and at least about 106 M V ; as measured by sur¬

face plasmon resonance. In another aspect, the binding proteins have an off-rate constant

(koff) to Αβ(20-42) globulomer selected from the group consisting of: at most about 0"3 s 1 ; at

most about 10"4 s" 1; at most about 10 "5 s" 1; and at most about 10 s" , as measured by surface

plasmon resonance.



In another aspect of the invention, the binding affinity of the binding proteins described

herein to Αβ(20-42) globulomer is greater than to an Αβ(1-42) globulomer.

The term "greater affinity" herein refers to a degree of interaction where the equilibrium be-

tween unbound Αβ binding protein and unbound Αβ globulomer on the one hand and Αβ

binding protein-globulomer complex on the other is further in favour of the Αβ binding pro-

tein-globulomer complex. Likewise, the term "smaller affinity" here refers to a degree of

interaction where the equilibrium between unbound Αβ binding protein and unbound Αβ

globulomer on the one hand and Αβ binding protein-globulomer complex on the other is fur-

ther in favour of the unbound Αβ binding protein and unbound Αβ globulomer. The term

"greater affinity" is synonymous with the term "higher affinity" and term "smaller affinity" is

synonymous with the term "lower affinity".

In a related aspect of the invention, the binding affinity of the binding proteins described

herein to AB(20-42) globulomer is at least 2 times (e.g., at least 3 or at least 5 times), at least

10 times (e.g., at least 20 times, at least 30 times or at least 50 times), at least 100 times (e.g.,

at least 200 times, at least 300 times or at least 500 times), and at least 1,000 times (e.g., at

least 2,000 times, at least 3,000 times or at least 5000 times), at least 10,000 times (e.g., at

least 20,000 times, at least 30,000 times or at least 50,000 times), or at least 100,000 times

greater than the binding affinity of the binding proteins to the AJ3(l-42) globulomer.

In another aspect of the invention, the binding affinity of the binding proteins described

herein to Αβ(20-42) globulomer is greater than to an Αβ( 12-42) globulomer.

In a related aspect of the invention, the binding affinity of the binding proteins described

herein to AJ3(20-42) globulomer are at least 2 times (e.g., at least 3 or at least 5 times), at least

10 times (e.g., at least 20 times, at least 30 times or at least 50 times), at least 100 times (e.g.,

at least 200 times, at least 300 times or at least 500 times), and at least 1,000 times (e.g., at

least 2,000 times, at least 3,000 times or at least 5000 times), at least 10,000 times {e.g., at

least 20,000 times, at least 30,000 times or at least 50,000 times), or at least 100,000 times

greater than the binding affinity of the binding proteins to the A ( 12-42) globulomer.



According to a particular embodiment, the invention thus relates to binding proteins having a

binding affinity to the Α β(20-42) globulomer that is greater than the binding affinity of the

antibody to both the Αβ(1-42) globulomer and the Αβ( 12-42) globulomer.

According to one aspect, the Αβ binding proteins of the present invention bind to at least one

Αβ globulomer, as defined above, and have a comparatively smaller affinity for at least one

non-globulomer form of Αβ. Αβ binding proteins of the present invention with a compara¬

tively smaller affinity for at least one non-globulomer form of Αβ than for at least one Αβ

globulomer include Αβ binding protein with a binding affinity to the Αβ(20-42) globulomer

that is greater than to an Αβ(1-42) monomer. According to an alternative or additional aspect

of the invention, the binding affinity of the Αβ binding protein to the Αβ(20-42) globulomer

is greater than to an Αβ(1-40) monomer. In particular, the affinity of the Αβ binding protein

to the Αβ(20-42) globulomer is greater than its affinity to both the Αβ(1-40) and the Αβ(1-42)

monomer.

The term "Αβ(Χ-Υ) monomer" as used herein refers to the isolated form of the Αβ(Χ -Υ)

peptide, in particular to a form of the Αβ(Χ -Υ ) peptide which is not engaged in essentially

non-covalent interactions with other Αβ peptides. Practically, the Αβ(Χ-Υ) monomer is usu¬

ally provided in the form of an aqueous solution. In a particular embodiment of the invention,

the aqueous monomer solution contains 0.05% to 0.2%, e.g. about 0.1% NH4OH. In another

particular embodiment of the invention, the aqueous monomer solution contains 0.05% to

0.2%, e.g. about 0.1% NaOH. When used (for instance for determining the binding affinities

of the Αβ binding proteins of the present invention), it may be expedient to dilute said solu¬

tion 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 "Α β(1-40) monomer" here refers to an Αβ(1-40) monomer prepa¬

ration as described herein, and the term "Αβ(1-42) monomer" here refers to an Αβ(1-42)

preparation as described herein.

Expediently, the Αβ binding proteins of the present invention bind to one or both monomers

with low affinity, for example with a KD of lxlO ' 8 M or smaller affinity, e.g. with a K of

3xl0 "8 M or smaller affinity, with a K D of lxl 0 7 M or smaller affinity, e.g. with a K Dof



3 0 7 M or smaller affinity, or with a D of lxlO ' 6 M or smaller affinity, e.g. with a KD of

3xl0 ' 5 M or smaller affinity, or with a of lxlO ' 5 M or smaller affinity.

According to one aspect of the invention, the binding affinity of the Αβ binding proteins of

the present invention to the Α β(20-42) globulomer are at least 2 times, e.g. at least 3 times or

at least 5 times, at least 0 times, e.g. at least 20 times, at least 30 times or at least 50 times, at

least 100 times, e.g. at least 200 times, at least 300 times or at least 500 times, at least 1,000

times, e.g. at least 2,000 times, at least 3,000 times or at least 5,000 times, at least 10,000

times, e.g. at least 20,000 times, at least 30,000 or at least 50,000 times, or at least 100,000

times greater than the binding affinity of the Αβ binding proteins to one or both monomers.

Αβ binding proteins of the present invention having a comparatively smaller affinity for at

least one non-globulomer form of Αβ than for at least one Αβ globulomer further include Αβ

binding proteins having a binding affinity to the Αβ(20-42) globulomer that is greater than to

Αβ(1-42) fibrils. According to an alternative or additional aspect of the invention, the binding

affinity of the Αβ binding proteins to the Αβ(20-42) globulomer is greater than to Αβ(1-40)

fibrils. According to one particular embodiment, the invention relates to Αβ binding proteins

having a binding affinity to the Αβ(20-42) globulomer which is greater than their binding

affinity to both Αβ(1-40) and Αβ(1-42) fibrils.

The term "fibril" herein refers to a molecular structure that comprises assemblies of non-

covalently associated, individual Αβ(Χ-Υ) peptides, which show fibrillary structure in the

electron microscope, which bind Congo red and then exhibit birefringence under polarized

light and whose X-ray diffraction pattern is a cross-β structure. In another aspect of the in-

vention, a fibril is a molecular structure obtainable by a process that comprises the self-

induced polymeric aggregation of a suitable Αβ peptide in the absence of detergents, e.g. in

0.1 M HC1, leading to the formation of aggregates of more than 24 or more than 100 units.

This process is well known in the art. Expediently, Αβ(Χ -Υ) fibrils are used in the form of an

aqueous solution. In a particular embodiment of the invention, the aqueous fibril solution is

made by dissolving the Αβ peptide in 0.1% N¾OH, diluting it 1:4 with 20 M NaH2P0 4,

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

NaH2P0 4, 140 mM NaCl, pH 7.4. The term "Αβ(Χ -Υ) fibril" herein also refers to a fibril



comprising Αβ(Χ -Υ) subunits where, e.g., on average, at least 90% of the subunits are of the

Αβ(Χ-Υ) type, at least 98% of the subunits are of the Αβ(Χ -Υ) type or the content of non-

Αβ(Χ-Υ) peptides is below the detection threshold. More specifically, the term "Αβ(1-42)

fibril" herein refers to a Αβ(1-42) fibril preparation as described in Example 3.

Expediently, the Αβ binding proteins of the present invention bind to one or both fibrils with

low affinity, for example with a K of lxlO 8 M or smaller affinity, e.g. with a of 3x10"

8 M or smaller affinity, with a KD of lxlO 7 M or smaller affinity, e.g. with a K D of 3xl0 "7 M

or smaller affinity, or with a K of lxlO 6 M or smaller affinity, e.g. with a K of 3X1 O"5 M or

smaller affinity, or with a K D of x 10 5 M or smaller affinity.

According to one aspect of the invention, the binding affinity of the Αβ binding proteins of

the present invention to the Α β(20-42) globulomer is at least 2 times, e.g. at least 3 times or at

least 5 times, at least 10 times, e.g. at least 20 times, at least 30 times or at least 50 times, at

least 100 times, e.g. at least 200 times, at least 300 times or at least 500 times, at least 1,000

times, e.g. at least 2,000 times, at least 3,000 times or at least 5,000 times, at least 10,000

times, e.g. at least 20,000 times, at least 30,000 or at least 50,000 times, or at least 100,000

times greater than the binding affinity of the Αβ binding protein to one or both fibrils.

According to a particular embodiment, the present invention relates to Αβ binding proteins

having a comparatively smaller affinity for both the monomelic and fibrillary forms of Αβ

than for at least one Αβ globulomer, in particular Αβ(20-42) globulomer. These Αβ binding

proteins sometimes are referred to as globulomer-specific Αβ binding proteins.

The binding proteins of the present invention include globulomer-specific binding proteins

recognizing predominantly AU(20-42) globulomer forms and not standard preparations of

AB(l-40) monomers, AB(l-42) monomers, AB-fibrils or sAPP (i.e. soluble Αβ precursor) in

contrast to, for example, competitor antibodies such as m266 and 3D6. Such specificity for

globulomers is important because specifically targeting the globulomer form of Αβ with the

binding proteins of the present invention will: 1) avoid targeting insoluble amyloid deposits,

binding to which may account for inflammatory side effects observed during immunizations

with insoluble A ; 2) spare A monomer and APP that are reported to have precognitive

physiological functions (Plan et al, J Neurosci 23: 5531-5535, 2003; and 3) increase the bio-



availability of the antibody, as it would not be shaded or inaccessible through extensive

binding to insoluble deposits.

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 motif) ligand 4 (CXCL4). PF-4 is released from alpha-

granules of activated platelets during platelet aggregation, and promotes blood coagulation by

moderating the effects of heparin-like molecules. Due to these functions, 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 antico-

agulant heparin which is in use as pharmacological treatment of thrombosis. It has a well de¬

scribed pathological function in heparin-induced thrombocytopenia (HIT), an idiosyncratic

autoimmune reaction to the administration of the anticoagulant heparin (Warkentin, N . Engl.

J. Med. 356(9): 891-3, 2007), wherein the heparin:PF4 complex is the antigen. PF4 autoanti¬

bodies have also been found in patients with thrombosis and features resembling HIT but no

prior administration of heparin (Warkentin et al, Am. J. Med. 121(7): 632-6, 2008). Hepa¬

rin-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 binding proteins (e.g. antibodies) showing binding (e.g. cross-reactivity) to the PF-4 pres-

ent 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 binding protein.

According to one aspect of the invention, the binding proteins of the present invention do

shown no or low binding to platelet factor 4 (PF-4). Said cross-reaction to PF-4 may be

evaluated by using standardized in vitro immunoassays such as ELISA, dot blot or BIAcore

analyses.

According to a particular embodiment, the cross-reaction to PF-4 of a binding protein defined

herein refers to ratio of values for said binding protein and a reference anti-PF-4 antibody

obtained by (i) performing a sandwich-ELISA with a ~ 1:3 dilution series of human or cyno-

molgus plasma from about 1:3. 16 to about 1:3 160 (final plasma dilution) (e.g. as described in

examples 4.1 and 4.2), (ii) plotting detected signal (y-axis) against log-transformed plasma



dilutions (x-axis), and (iii) determining the area under the curve (AUC, or total peak

area)from these non-curve fitted data in the measured range (final plasma dilutions from

about 1:3.16 to about 1:3160). According to a particular embodiment of the invention, deter¬

mining the cross-reaction to PF-4 by sandwich-ELISA comprises the following: a certain

amount of the binding protein under investigation or the reference anti-PF-4 antibody or, ex¬

pediently, an appropriate dilution thereof, for instance 100 µΐ of a 10 ml binding protein

or antibody solution in 100 mM sodium hydrogen carbonate, pH 9.6, is used for coating wells

of a protein adsorbing microtiter plate; the plate is then washed, blocked, and washed again;

then contacted with a ~ 1:3 dilution series of cynomolgus or human plasma, e.g. human

plasma spiked with human PF-4, from about 1:3. 16 to about 1:3 160 (final plasma dilution)

followed by detection of the PF-4 bound to each well, e.g. by means of a primary PF-4 spe¬

cific antibody, an enzyme-conjugated secondary antibody and a colorimetric reaction.

A "reference anti-PF-4 antibody", as used herein, is an antibody, in particular a monoclonal

antibody, that is specifically reactive with PF-4, in particular human (HPF4). Such an anti¬

body is obtainable by providing an antigen comprising human PF-4, for instance human PF-4

having amino acid sequence EAEEDGDLQCLCVKTTSQVRPRHITSLEVIKAGPHCP-

TAQLIATLKNGRKICLDLQAPLYKKIIKKLLES (SEQ ID NO:70), 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 immu-

nogen (human PF-4). Such reference anti-PF4 antibodies are commercially available, for ex¬

ample, monoclonal anti-HPF4 antibody, Abeam cat. no.: ab49735.

According to another particular embodiment, the cross-reaction to PF-4 of a binding protein

defined herein refers to ratio of AUC values for said binding protein and a reference anti-

PF-4 antibody obtained by (i) performing an aligned sandwich-ELISA with human or cyno¬

molgus plasma and ~1:3 dilution series of binding protein and reference anti-PF-4 antibody

from about 10 ng/ml to about 10000 ng ml (final concentration) (e.g. as described in exam¬

ples 4.3 and 4.4), (ii) plotting detected signal (y-axis) against log-transformed concentrations

of binding protein or reference anti-PF-4 antibody (x-axis), and (iii) determining the area un¬

der the curve (AUC, or total peak area) from these non-curve fitted data in the measured

range (concentrations of binding protein or reference anti-PF-4 antibody from about 10 ng ml

to about 10000 ng/ml). According to a particular embodiment of the invention, determining



the cross-reaction to PF-4 by aligned sandwich-ELISA comprises the following: the wells of

a protein adsorbing microtiter plate are coated with a certain amount of an aligning antibody

suitable to capture the binding protein under investigation and the reference anti-PF-4 anti¬

body, for example 100 µΐ/well of 50 g ml Fc specific anti-mouse IgG, Sigma cat. no.:

M3534, in 100 raM sodium hydrogen carbonate, pH 9.6); the plate is then washed, blocked,

and washed again; then contacted with a ~ 1:3 dilution series of the binding protein under in¬

vestigation or of the reference anti-PF-4 antibody from about 10 ng ml to about 10000 ng/ml

(final concentration); after another washing step the plate is contacted with, e.g. 1:10 diluted,

human or cynomolgus plasma, e.g. human plasma spiked with human PF-4, followed by de-

tection of the PF-4 bound to the plate, e.g. by means of a primary PF-4 specific antibody, an

enzyme-conjugated secondary antibody and a colorimetric reaction.

According to one aspect of the invention, the cross-reaction of a 4C9-type binding protein of

the present invention, as described herein, to PF-4, when analyzed via sandwich-ELISA with

cynomolgus plasma as described herein, is smaller than the corresponding cross-reaction of a

reference anti-PF-4 antibody, for example at least 2 times, at least 5 times, at least 10 times,

at least 15 times, at least 20 times, at least 30 times, or at least 40 times smaller; and/or, when

analyzed via sandwich-ELISA with human plasma as described herein, is smaller than the

corresponding cross-reaction of a reference anti-PF-4 antibody, for example at least 2 times,

at least 5 times, at least 10 times, at least 15 times, at least 20 times, at least 30 times, or at

least 40 times smaller.

According a further aspect of the invention, the cross-reaction of a 4C9-type binding protein

of the present invention, as described herein, to PF-4, when analyzed via aligned sandwich-

ELISA with cynomolgus plasma as described herein, is smaller than the corresponding cross-

reaction of a reference anti-PF-4 antibody, for example at least 2 times, at least 5 times, at

least 0 times, at least 20 times, at least 50 times, at least 80 times, at least 120 times, or at

least 160 times smaller; and/or, when analyzed via aligned sandwich-ELISA with human

plasma as described herein, is smaller than the corresponding cross-reaction of a reference

anti-PF-4 antibody, for example at least 2 times, at least 10 times, at least 50 times, at least

100 times, or at least 200 times smaller.



According to another aspect of the invention, the cross-reaction of a 4C9-type binding protein

of the present invention, as described herein, to PF-4, when analyzed via sandwich-ELISA

and aligned sandwich-ELISA with cynomolgus plasma as described herein, is smaller than

the corresponding cross-reaction of a reference anti-PF-4 antibody, for example at least 2

times, at least 5 times, at least 0 times, at least 15 times, at least 20 times, at least 30 times,

or at least 40 times smaller.

According to another aspect of the invention, the cross-reaction of a 4C9-type binding protein

of the present invention, as described herein, to PF-4, when analyzed via sandwich-ELISA

and aligned sandwich-ELISA with human plasma as described herein, is smaller than the

corresponding cross-reaction of a reference anti-PF-4 antibody, for example at least 2 times,

at least 5 times, at least 10 times, at least 15 times, at least 20 times, at least 30 times, or at

least 40 times smaller.

According to another aspect of the invention, the cross-reaction of a 4C9-type binding protein

of the present invention, as described herein, to PF-4, when analyzed via sandwich-ELISA

and aligned sandwich-ELISA with cynomolgus and human plasma as described herein, is

smaller than the corresponding cross-reaction of a reference anti-PF-4 antibody, for example

at least 2 times, at least 5 times, at least 10 times, at least 5 times, at least 20 times, at least

30 times, or at least 40 times smaller.

According to one aspect of the invention, the cross-reaction of a 10B3-type binding protein of

the present invention, as described herein, to PF-4, when analyzed via sandwich-ELISA with

cynomolgus plasma as described herein, is smaller than the corresponding cross-reaction of a

reference anti-PF-4 antibody, for example at least 2 times, at least 5 times, at least 10 times,

at least 15 times, at least 20 times, or at least 25 times smaller; and/or, when analyzed via

sandwich-ELISA with human plasma, is smaller than the corresponding cross-reaction of a

reference anti-PF-4 antibody, for example at least 2 times, at least 5 times, at least 15 times,

at least 20 times, or at least 25 times smaller.

According a further aspect of the invention, the cross-reaction of a 10B3-type binding protein

of the present invention, as described herein, to PF-4, when analyzed via aligned sandwich-

ELISA with cynomolgus plasma as described herein, is smaller than the corresponding cross-



reaction of a reference anti-PF-4 antibody, for example at least 2 times, at least 4 times, at

least 6 times, at least 8 times, at least 10 times, at least 20 times, at least 40 times or at least

80 times smaller; and/or, when analyzed via aligned sandwich-ELISA with human plasma as

described herein, is smaller than the corresponding cross-reaction of a reference anti-PF-4

antibody, for example at least 2 times, at least 10 times, at least 20 times, at least 40 times, or

at least 70 times smaller.

According to another aspect of the invention, the cross-reaction of a 10B3-type binding pro¬

tein of the present invention, as described herein, to PF-4, when analyzed via sandwich-

ELISA and aligned sandwich-ELISA with cynomolgus plasma as described herein, is smaller

than the corresponding cross-reaction of a reference anti-PF-4 antibody, for example at least

2 times, at least 4 times, at least 5 times, at least 6 times, at least 8 times, or at least 10 times

smaller.

According to another aspect of the invention, the cross-reaction of a 10B3-type binding pro¬

tein of the present invention, as described herein, to PF-4, when analyzed via sandwich-

ELISA and aligned sandwich-ELISA with human plasma as described herein, is smaller than

the corresponding cross-reaction of a reference anti-PF-4 antibody, for example at least 2

times, at least 5 times, at least 10 times, at least 15 times, at least 20 times, or at least 25 times

smaller.

According to another aspect of the invention, the cross-reaction of a 10B3-type binding pro¬

tein of the present invention, as described herein, to PF-4, when analyzed via sandwich-

ELISA and aligned sandwich-ELISA with cynomolgus and human plasma as described

herein, is smaller than the corresponding cross-reaction of a reference anti-PF-4 antibody, for

example at least 2 times, at least 4 times, at least 5 times, at least 6 times, at least 8 times, or

at least 10 times smaller.

The term "polypeptide" as used herein, refers to any polymeric chain of amino acids. The

terms "peptide" and "protein" are used interchangeably with the term polypeptide and also

refer to a polymeric chain of amino acids. The term "polypeptide" encompasses native or

artificial proteins, protein fragments and polypeptide analogs of a protein sequence. A poly¬

peptide may be monomeric or polymeric.



The term "isolated protein" or "isolated polypeptide" is a protein or polypeptide that by virtue

of its origin or source of derivation is not associated with naturally associated components

that accompany it in its native state; is substantially free of other proteins from the same spe-

cies; is expressed by a cell from a different species; or does not occur in nature. Thus, a poly¬

peptide that is chemically synthesized or synthesized in a cellular system different from the

cell from which it naturally originates will be "isolated" from its naturally associated compo¬

nents. A protein may also be rendered substantially free of naturally associated components

by isolation, using protein purification techniques well known in the art.

The term "recovering", as used herein, refers to the process of rendering a chemical species

such as a polypeptide substantially free of naturally associated components by isolation, e.g.,

using protein purification techniques well known in the art.

The terms "specific binding" or "specifically binding", as used herein, in reference to the in¬

teraction of an antibody, a protein, or a peptide with a second chemical species, mean that the

interaction is dependent upon the presence of a particular structure {e.g., an antigenic deter¬

minant or epitope) on the chemical species; for example, an antibody recognizes and binds to

a specific protein structure rather than to proteins generally. If an antibody is specific for

epitope "A", the presence of a molecule containing epitope A (or free, unlabeled A), in a re¬

action containing labeled "A" and the antibody, will reduce the amount of labeled A bound to

the antibody.

The term "antibody", as used herein, broadly refers to any immunoglobulin (Ig) molecule

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, mutant, variant, or derivative

antibody formats are known in the art. Nonlimiting embodiments of which are discussed be¬

low. A "full-length antibody", as used herein, refers to an Ig molecule comprising four poly-

peptide 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

(abbreviated herein as HCVR or VH) and a heavy chain constant region. The heavy chain

constant region is comprised of three domains, CHI, CH2 and CH3. Each light chain is com-



prised of a light chain variable region (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 comple¬

mentarity 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 following order: FRl, CDRl, 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, IgAl and IgA2) or subclass.

The terms "antigen-binding portion" of an antibody (or simply "antibody portion"), "antigen-

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 (e.g. ,

Αβ(20-42) globulomer), 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 embodiments 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 CHI domains; (ii) a

F(ab')2 fragment, a bivalent fragment comprising two Fab fragments linked by a disulfide

bridge at the hinge region; (iii) a Fd fragment consisting of the VH and CHI 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 3 1: 544-546, 1989; Winter et al, WO 90/05144 Al, herein

incorporated 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, using recom¬

binant methods, by a synthetic linker that enables them to be made as a single 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 antibody. Other forms of single chain antibodies,

such as diabodies, are also encompassed. 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 et al, Proc. Natl. Acad. Sci. USA 90: 6444-6448,

1993; Poljak et al, Structure 2: 1121-1 123, 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 immunoglobulin con-

stant domain. Linker polypeptides comprise two or more amino acid residues joined by pep¬

tide bonds and are used to link one or more antigen binding portions. Such linker polypep¬

tides 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 : 1121-1 123, 1994).

An immunoglobulin constant domain refers to a heavy or light chain constant domain. Hu¬

man IgG heavy chain and light chain constant domain amino acid sequences are known in the

art and represented in Table 1.



TABLE 1: SEQUENCE OF HUMAN IgG HEAVY CHAIN CONSTANT DOMAIN AND

LIGHT CHAIN CONSTANT DOMAIN



Still further, a binding protein of the present invention (e.g. an antibody) may be part of a

larger immunoadhesion molecule, formed by covalent or noncovalent association of the

binding protein of the invention with one or more other proteins or peptides. Examples of

such immunoadhesion molecules include the use of the streptavidin core region to make a

tetrameric scFv molecule (Kipriyanov et al. , Human Antibodies and Hybridomas 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')2 fragments, can be prepared from

whole antibodies using conventional techniques, such as papain or pepsin digestion, respec-

tively, of whole antibodies. Moreover, antibodies, antibody portions and immunoadhesion

molecules can be obtained using standard recombinant DNA techniques, as described herein.

An "isolated antibody", as used herein, is intended to refer to an antibody that is substantially

free of other antibodies having different antigenic specificities. An isolated antibody that spe-

cifically binds Αβ(20-42) globulomer may, however, have cross-reactivity to other antigens,

such as Αβ globulomers, e.g. Αβ(12-42) globulomer or other Αβ forms. Moreover, an iso¬

lated antibody may be substantially free of other cellular material and/or chemicals and/or

any other targeted AJ form.

The isolated antibodies of the present invention include monoclonal antibodies. A

"monoclonal antibody" as used herein is intended to refer to a preparation of antibody mole¬

cules, antibodies which share a common heavy chain and common light chain amino acid

sequence, in contrast with "polyclonal" antibody preparations which contain a mixture of

antibodies of different amino acid sequence. Monoclonal antibodies can be generated by sev-

eral novel technologies like phage, bacteria, yeast or ribosomal display, as well as by classi¬

cal methods exemplified by hybridoma-derived antibodies, e.g. an antibody secreted by a

hybridoma prepared by hybridoma technology, such as the standard Kohler and Milstein hy-

bridoma methodology ((1975) Nature 256:495-497). Thus, a non-hybridoma-derived anti¬

body with uniform sequence is still referred to as a monoclonal antibody herein although it

may have been obtained by non-classical methodologies, and the term "monoclonal" is not

restricted to hybridoma-derived antibodies but used to refer to all antibodies derived from one

nucleic acid clone.



Thus, the monoclonal antibodies of the present invention include recombinant antibodies.

The term "recombinant" herein refers to any artificial combination of two otherwise sepa¬

rated segments of sequence, e.g., by chemical synthesis or by the manipulation of isolated

segments of nucleic acids by genetic engineering techniques. In particular, the term

"recombinant antibody" refers to antibodies which are produced, expressed, generated or

isolated by recombinant means, such as antibodies which are expressed using a recombinant

expression vector transfected into a host cell; antibodies isolated from a recombinant combi¬

natorial antibody library; antibodies isolated from an animal (e.g. a mouse) which is trans¬

genic due to human immunoglobulin genes (see, for example, Taylor, L.D., et al. (1992)

Nucl. Acids Res. 20:6287-6295); or antibodies which are produced, expressed, generated or

isolated in any other way in which particular immunoglobulin gene sequences (such as hu¬

man immunoglobulin gene sequences) are assembled with other DNA sequences. Recombi¬

nant antibodies include, for example, chimeric, CDR-grafted and humanized antibodies. The

person skilled in the art will be aware that expression of a conventional hybridoma-derived

monoclonal antibody in a heterologous system will require the generation of a recombinant

antibody even if the amino acid sequence of the resulting antibody protein is not changed or

intended to be changed.

The term "murine antibody", as used herein, is intended to include antibodies having variable

and constant regions derived from murine germline immunoglobulin sequences. The murine

antibodies of the invention may include amino acid residures not encoded by murine germ-

line immunoglobulin sequences (e.g. mutations introduced by random or site-specific muta¬

genesis in vitro or by somatic mutation in vivo), for example in the CDRs and in particular in

CDR3.

The term "human antibody", as used herein, is intended to include antibodies having variable

and constant regions derived from human germline immunoglobulin sequences. The human

antibodies of the invention may include amino acid residues not encoded by human germline

immunoglobulin sequences (e.g. mutations introduced by random or site-specific mutagene-

sis 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 anti¬

bodies 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 human

antibodies that are prepared, expressed, created or isolated by recombinant means, such as

antibodies expressed using a recombinant expression vector transfected into a host cell (de-

scribed 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), anti¬

bodies isolated from an animal (e.g. a mouse) that is transgenic for human immunoglobulin

genes (see e.g. Taylor, L. D., et 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 al (2000)

Immunology Today 2 1:364-370) 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 mutagenesis) and thus the amino

acid sequences of the VH and VL regions of the recombinant 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 another spe¬

cies, such as antibodies having murine heavy and light chain variable regions linked to hu-

man 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 another 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 human 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 num¬

bering 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 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 se¬

quence providing or encoding the constant region(s). In yet another embodiment, the term

"acceptor" refers to the antibody amino acid or nucleic 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 pro¬

vides 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 ac¬

cordance 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 specific

positions of a human antibody. An acceptor framework region and/or acceptor constant re¬

gion^) 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, antibodies in develop¬

ment, 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 CDR3, 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 de¬

scribed by Kabat (Kabat et al., Sequences of Proteins of Immunological Interest (National

Institutes of Health, Bethesda, Md. (1987) and (1991)) not only provides an unambiguous

residue numbering system applicable to any variable 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 Cho-

thia 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 LI, L2 and L3 or HI,

H2 and H3 where the "L" and the "H" designates the light chain and the heavy chains re¬

gions, 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 fol¬

low 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 experimental findings that par¬

ticular 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 sys-

tems, particular embodiments use Kabat or Chothia 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 incorporated

herein by reference). According to Chothia et al., critical portions of the CDRs of many anti¬

bodies have nearly identical peptide backbone confirmations despite great diversity at the

level of amino acid sequence. Each canonical structure specifies primarily 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 species different

from the antibody from which the framework regions are obtained or derived. In the context



of a humanized antibody, the term "donor antibody" refers to a non-human antibody provid¬

ing one or more CDRs.

As used herein, the term "framework" or "framework sequence" refers to the remaining se-

quences of a variable region minus the CDRs. Because the exact definition of a CDR se¬

quence can be determined by different systems, the meaning of a framework sequence is

subject to correspondingly different interpretations. The six CDRs (CDR-Ll, -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 CDR3 between FR3 and FR4. Without specifying the particular sub-regions as FR1,

FR2, FR3 or FR4, a framework region, as referred 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. In one embodi¬

ment of the invention, the human heavy chain and light chain acceptor sequences are selected

from sequences which are at least 90%, at least 91%, at least 92%, at least 93%, at least 94%,

at least 95%, at least 96%, at least 97%, at least 98%, at least 99%, or at least identical to the

sequences described in Table 2A and Table 2B.

TABLE 2A: HEAVY AND LIGHT CHAIN ACCEPTOR SEQUENCES FOR 4C9-TYPE



PROTEIN RE¬ SEQUENCE
SEQ ID NO

GION 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 567 8 9 0

GVPSRFSGSGSGTDFTLTI SSLQPEDFATY
60 1-16/L1/JK2 FR3

YC

6 1 1-16/L1/JK2 FR4 FGQGTKLE I

TABLE 2B: HEAVY AND LIGHT CHAIN ACCEPTOR SEQUENCES FOR 10B3-TYPE

As used herein, the term "germline antibody gene" or "gene fragment" refers to an immuno-

globulin 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 im¬

munoglobulin. (See, e.g., Shapiro et al., Crit. Rev. Immunol. 22(3): 183-200 (2002); Mar-

chalonis et al., Adv Exp Med Biol. 484:13-30 (2001)). One of the advantages provided by

various embodiments of the present invention stems from the recognition that germline anti-

body genes are more likely than mature antibody genes to conserve essential amino acid se¬

quence structures characteristic of individuals in the species, hence less likely to be recog¬

nized as from a foreign source when used therapeutically 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 fol¬

lowing: 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 interacting with the antigen, a resi¬

due 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 com¬

prises a framework (FR) region having substantially the amino acid sequence 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 con¬

text of a CDR refers to a CDR having an amino acid sequence at least 90%, at least 95%, at

least 98% or at least 99% identical to the amino acid sequence of a non-human antibody

CDR. A humanized antibody comprises substantially all of at least one, and typically two,

variable domains (Fab, Fab', F(ab')2, 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. According 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 vari¬

able domain of a heavy chain. The antibody also may include the CHI, hinge, CH2, CH3,

and CH4 regions of the heavy chain. In some embodiments, a humanized antibody only con¬

tains a humanized light chain. In some embodiments, a humanized antibody only contains a

humamzed heavy chain. In specific embodiments, a humanized antibody only contains a hu-

manized 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,

IgG, IgD, IgA and IgE, and any isotype, including without limitation IgG 1, IgG2, IgG3 and

IgG4. The humanized antibody may comprise sequences from more than one class or isotype,

and particular constant domains may be selected to optimize desired effector functions using

techniques well-known in the art.

The framework and CDR regions of a humanized antibody need not correspond precisely 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 correspond to either the donor anti¬

body 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 framework" refers to the framework region in the consensus im¬

munoglobulin sequence. As used herein, the term "consensus immunoglobulin sequence"

refers to the sequence formed from the most frequently occurring amino acids (or nucleo-

tides) in a family of related immunoglobulin sequences (See e.g. , Winnaker, From Genes to

Clones (Verlagsgesellschaft, Weinheim, Germany 1987)). In a family of immunoglobulins,

each position in the consensus sequence is occupied by the amino acid occurring most fre¬

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 adjust 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 protein com¬

prising 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 naturally occurring anti¬

body. The term "multispecific binding protein" refers to a binding protein 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 tet-

ravalent 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 polypeptide, 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 incorporated herein by reference.



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 embodi¬

ments, a binding protein or an antibody is said to specifically bind an antigen when it prefer¬

entially recognizes its target antigen in a complex mixture of proteins and/or macromole-

cules.

The binding affinities of the antibodies of the invention may be evaluated by using standard¬

ized in-vitro immunoassays such as ELISA, dot blot or BIAcore analyses (Pharmacia Biosen¬

sor AB, Uppsala, Sweden and Piscataway, NJ). For further descriptions, see Jonsson, U., et

al. (1993) Ann. Biol. Clin. 5 1 : 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 ob¬

tained by performing a dot blot and evaluating it by densitometry. According to a particular

embodiment of the invention, determining the binding affinity by dot blot comprises the fol¬

lowing: a certain amount of the antigen (e.g. the Αβ(Χ-Υ) globulomer, Αβ(Χ-Υ) monomer or

Αβ(Χ-Υ) fibrils, as defined above) or, expediently, an appropriate dilution thereof, for in¬

stance in 20 mM NaH 2P0 4, 140 mM NaCl, pH 7.4, 0.2 mg/ml BSA to an antigen concentra¬

tion of, for example, 100 pmol/µ , 10 pmol µΐ , 1 pmol/ µΐ , 0.1 pmol/ µΐ and 0.01 pmol/ µΐ , is

dotted onto a nitrocellulose membrane, the membrane is then blocked with milk to prevent

unspecific binding and washed, then contacted with the antibody of interest followed by de¬

tection of the latter by means of an enzyme-conjugated secondary antibody and a colorimetric

reaction; at defined antigen concentrations, the amount of antibody bound allows affinity

determination. Thus the relative affinity of two different antibodies to one target, or of one

antibody to two different targets, is here defined as the relation of the respective amounts of

target-bound antibody observed with the two antibody-target combinations under otherwise

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 target in the latter's natural



conformation; unlike the ELISA approach, the dot blot approach does not suffer from differ

ences in the affinities between different targets and the matrix, thereby allowing for more

precise comparisons between different targets.

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 pro¬

tein concentrations within a biosensor matrix, for example using the BIAcore system (Phar¬

macia Biosensor AB, Uppsala, Sweden and Piscataway, NJ). For further descriptions, see

Jonsson, U., etal. (1993) Ann. Biol. Clin., 51: 19-26; Jonsson et al, (1991) BioTechniques,

11: 620-627; Johnsson et al., (1995) J. Mol. Recognit, 8: 125-131; and Johnnson et al.

(1991) Anal. Biochem., 198: 268-277.

The term "kon" (also " on", "kon", "Kon"), as used herein, is intended to refer to the on-rate

constant for association of a binding protein {e.g., an antibody) to an antigen to form an asso-

ciation complex, e.g., antibody/antigen complex, as is known in the art. The "kon" also is

known by the terms "association rate constant", or "ka", as used interchangeably herein. This

value indicates the binding rate of a binding protein (e.g., an antibody) to its target antigen or

the rate of complex formation between a binding protein (e.g., an antibody) and antigen as is

shown by the equation below:

Antibody ("Ab") + Antigen ("Ag") Ab-Ag.

The term "koff " (also " off ', "koff ', "Koff"). as used herein, is intended to refer to the off rate

constant for dissociation, or "dissociation rate constant", of a binding protein (e.g., an anti¬

body) from an association complex (e.g., an antibody/antigen complex) as is known in the art.

This value indicates the dissociation rate of a binding protein (e.g. , an antibody) from its tar¬

get antigen, or separation of the Ab-Ag complex over time into free antibody and antigen as

shown by the equation below:

Ab + Ag - Ab-Ag.

The term "KD" (also "K 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 equilib¬

rium, or by dividing the dissociation rate constant (ko by the association rate constant (ko„).

The association rate constant (kon), the dissociation rate constant (koff), and the equilibrium



dissociation constant (KD) are used to represent the binding affinity of a binding protein (e.g.,

an antibody) to an antigen. Methods for determining association and dissociation rate con¬

stants are well known in the art. Using fluorescence-based techniques offers high sensitivity

and the ability to examine samples in physiological buffers at equilibrium. Other experimen-

tal approaches and instruments such as a BIAcore® (biomolecular interaction analysis) assay

can be used (e.g., instrument available from BIAcore International AB, a GE Healthcare

company, Uppsala, Sweden). Additionally, a KinExA® (Kinetic Exclusion Assay) assay,

available from Sapidyne Instruments (Boise, Idaho) can also be used.

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 incorporated that pro¬

vides 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., streptavidin containing a fluorescent

marker or enzymatic activity that can be detected by optical or colorimetric methods). Exam¬

ples of labels for polypeptides include, but are not limited to, the following: radioisotopes or

radionuclides (e.g., 3H, 1 C, 5S, 0Y, "Tc, In, 5I, l3, 1, 17 Lu, 1 Ho, or Sm); fluorescent

labels (e.g., FITC, rhodamine, lanthanide phosphors), enzymatic labels (e.g., horseradish per-

oxidase, luciferase, alkaline phosphatase); chemiluminescent markers; biotinyl groups; pre¬

determined polypeptide epitopes recognized by a secondary reporter (e.g., leucine zipper pair

sequences, binding 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.

The term "therapeutic agent" is used herein to denote a chemical compound, a mixture of

chemical compounds, a biological macromolecule, or an extract made from biological mate¬

rials that is a "cognitive enhancing drug," which is a drug that improves impaired human

cognitive abilities of the brain (namely, thinking, learning, and memory). Cognitive

enhancing drugs work by altering the availability of neurochemicals (e.g., neurotransmitters,



enzymes, and hormones), by improving oxygen supply, by stimulating nerve growth, or by

inhibiting nerve damage. Examples of cognitive enhancing drugs include a compound that

increases the activity of acetylcholine such as, but not limited to, an acetylcholine receptor

agonist (e.g., a nicotinic a-7 receptor agonist or allosteric modulator, an α4β2 nicotinic re-

ceptor agonist or allosteric modulators), an acetylcholinesterase inhibitor (e.g., donepezil,

rivastigmine, and galantamine), a butyrylcholinesterase inhibitor, an N-methyl-D-aspartate

(NMDA) receptor antagonist (e.g., memantine), an activity-dependent neuroprotective pro¬

tein (ADNP) agonist, a serotonin 5-HTl A receptor agonist (e.g., xaliproden), a 5-HT4 recep¬

tor agonist, a 5-HT6 receptor antagonist, a serotonin 1A receptor antagonist, a histamine ¾

receptor antagonist, a calpain inhibitor, a vascular endothelial growth factor (VEGF) protein

or agonist, a trophic growth factor, an anti-apoptotic compound, an AMPA-type glutamate

receptor activator, a L-type or N-type calcium channel blocker or modulator, a potassium

channel blocker, a hypoxia inducible factor (HIF) activator, a HIF prolyl 4-hydroxylase in¬

hibitor, an anti-inflammatory agent, an inhibitor of amyloid Α β peptide or amyloid plaque,

an inhibitor of tau hyperphosphorylation, a phosphodiesterase 5 inhibitor (e.g., tadalafil,

sildenafil), a phosphodiesterase 4 inhibitor, a monoamine oxidase inhibitor, or pharmaceuti¬

cally acceptable salt thereof. Specific examples of such cognitive enhancing drugs include,

but are not limited to, cholinesterase inhibitors such as donepezil (Aricept®), rivastigmine

(Exelon®), galanthamine (Reminyl®), N-methyl-D-aspartate antagonists such as memantine

(Namenda®).

The terms "crystal" and "crystallized", as used herein, refer to a binding protein (e.g., an an¬

tibody, or antigen binding portion thereof), that exists in the form of a crystal. Crystals are

one form of the solid state of matter, which is distinct from other forms such as the amor-

phous solid state or the liquid crystalline state. Crystals are composed of regular, repeating,

three-dimensional arrays of atoms, ions, molecules (e.g., proteins such as antibodies), or mo¬

lecular assemblies (e.g., antigen/antibody complexes). These three-dimensional arrays are

arranged according to specific mathematical relationships that are well-understood in the

field. The fundamental unit, or building block, that is repeated in a crystal is called the

asymmetric unit. Repetition of the asymmetric unit in an arrangement that conforms to a

given, well-defined crystallographic symmetry provides the "unit cell" of the crystal. Repeti¬

tion of the unit cell by regular translations in all three dimensions provides the crystal. See



Giege, R. and Ducruix, A. Barrett, Crystallization of Nucleic Acids and Proteins, a Practical

Approach, 2nd ed., pp. 20 1-16, Oxford University Press, New York, New York, (1999)."

As used herein, the term "neutralizing" refers to neutralization of biological activity of a tar-

geted Α β form when a binding protein specifically binds said Α β form. For example, a neu¬

tralizing binding protein is a neutralizing antibody whose binding to the Αβ(20-42) amino

acid region of the globulomer (and/or any other targeted Afi form) results in inhibition of a

biological activity of the globulomer. According to one aspect of the invention, the neutral¬

izing binding protein binds to the Αβ(20-42) region of the globulomer (and/or any other tar-

geted Afi form), and reduces a biologically activity of the targeted Afi form by at least about

20%, 40%, 60%, 80%, 85% or more. Inhibition of a biological activity of the targeted Afi

form by a neutralizing binding protein can be assessed by measuring one or more indicators

of the targeted Afi form biological activity well known in the art, for example interaction (e.g.

binding) of the targeted Afi form to a P/Q type voltage-gated presynaptic calcium channel,

inhibition of P/Q type voltage-gated presynaptic calcium channel activity, Ca^ flux through

P/Q type voltage-gated presynaptic calcium channel, local (e.g. intracellular) Ca concentra¬

tion, synaptic activity.

The term "activity" includes activities such as the binding specificity/affinity of a binding

protein, in particular of an antibody, for an antigen, for example an Αβ(20-42) globulomer

(and any other targeted Afi form); and/or the neutralizing potency of an antibody, for example

an antibody whose binding to a targeted Afi form inhibits the biological activity of the tar¬

geted Afi form. Said biological activity of the targeted Afi form comprises interaction of the

Afi form to P/Q type voltage-gated presynaptic calcium channels, which results in inhibition

of the activity of said calcium channels.

The subject invention also provides isolated nucleotide sequences encoding the binding pro¬

teins of the present invention. The present invention also provides those nucleotide sequences

(or fragments thereof) having sequences comprising, corresponding to, identical to, hybridi-

zable to, or complementary to, at least about 70% (e.g. , 70% 71%, 72%, 73%, 74%, 75%,

76%, 77%, 78% or 79%), at least about 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%,

87%, 88% or 89%), or at least about 90% (e.g, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,

99% or 100%) identity to these encoding nucleotide sequences. (All integers (and portions



thereof) between and including 70% and 100% are considered to be within the scope of the

present invention with respect to percent identity.) Such sequences may be derived from any

source (e.g., either isolated from a natural source, produced via a semi-synthetic route, or

synthesized de novo). In particular, such sequences may be isolated or derived from sources

other than described in the examples (e.g., bacteria, fungus, algae, mouse or human).

For purposes of the present invention, a "fragment" of a nucleotide sequence is defined as a

contiguous sequence of approximately at least 6, e.g. at least about 8, at least about 10 nu¬

cleotides, or at least about 5 nucleotides, corresponding to a region of the specified nucleo-

tide sequence.

The term "identity" refers to the relatedness of two sequences on a nucleotide-by-nucleotide

basis over a particular comparison window or segment. Thus, identity is defined as the degree

of sameness, correspondence or equivalence between the same strands (either sense or an-

tisense) of two DNA segments (or two amino acid sequences). "Percentage of sequence iden¬

tity" is calculated by comparing two optimally aligned sequences over a particular region,

determining the number of positions at which the identical base or amino acid occurs in both

sequences in order to yield the number of matched positions, dividing the number of such

positions by the total number of positions in the segment being compared and multiplying the

result by 100. Optimal alignment of sequences may be conducted by the algorithm of Smith

& Waterman, 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., Clus-

tal Macaw Pileup (http://cmgm.stanford.edu/biochem21 8/1 lMultiple.pdf; Higgins et al,

CABIOS. 5L151-153, 1989), FASTDB (Intelligenetics), BLAST (National Center for Bio¬

medical Information; Altschul et al, Nucleic Acids Research 25: 3389-3402, 1997), PILEUP

(Genetics Computer Group, Madison, WI) or GAP, BESTFIT, FASTA and TFASTA (Wis¬

consin Genetics Software Package Release 7.0, Genetics Computer Group, Madison, WI)).

(See U.S. Patent No. 5,912,120.)

For purposes of the present invention, "complementarity" is defined as the degree of related¬

ness between two DNA segments. It is determined by measuring the ability of the sense

strand of one DNA segment to hybridize with the anti-sense strand of the other DNA seg-



ment, under appropriate conditions, to form a double helix. A "complement" is defined as a

sequence which pairs to a given sequence based upon the canonic base-pairing rules. For ex¬

ample, a sequence A-G-T in one nucleotide strand is "complementary" to T-C-A in the other

strand. In the double helix, adenine appears in one strand, thymine appears in the other

strand. Similarly, wherever guanine is found in one strand, cytosine is found in the other. The

greater the relatedness between the nucleotide sequences of two DNA segments, the greater

the ability to form hybrid duplexes between the strands of the two DNA segments.

"Similarity" between two amino acid sequences is defined as the presence of a series of iden-

tical as well as conserved amino acid residues in both sequences. The higher the degree of

similarity between two amino acid sequences, the higher the correspondence, sameness or

equivalence of the two sequences. ("Identity between two amino acid sequences is defined as

the presence of a series of exactly alike or invariant amino acid residues in both sequences.)

The definitions of "complementarity", "identity" and "similarity" are well known to those of

ordinary skill in the art.

"Encoded by" refers to a nucleic acid sequence which codes for a polypeptide sequence,

wherein the polypeptide sequence or a portion thereof contains an amino acid sequence of at

least 3 amino acids, e.g. at least 8 amino acids, or at least 15 amino acids, from a polypeptide

encoded by the nucleic acid sequence.

The term "polynucleotide" as referred to herein, means a polymeric form of two or more nu

cleotides, either ribonucleotides or deoxvnucleotides or a modified form of either type of nu

cleotide. The term includes single and double stranded forms of DNA, but preferably is dou-

ble-stranded DNA.

The term "isolated polynucleotide" as used herein shall mean a polynucleotide (e.g., of ge¬

nomic, cDNA, or synthetic origin, or some combination thereof) that, by virtue of its origin ,

the "isolated polynucleotide": is not associated with all or a portion of a polynucleotide with

which the "isolated polynucleotide" is found in nature; is operably linked to a polynucleotide

that it is not linked to in nature; or does not occur in nature as part of a larger sequence.



The term "vector", as used herein, is intended to refer to a nucleic acid molecule capable of

transporting another nucleic acid to which it has been linked. One type of vector is a "plas¬

mid", which refers to a circular double stranded DNA loop into which additional DNA seg¬

ments may be ligated. Another type of vector is a viral vector, wherein additional DNA seg-

ments may be ligated into the viral genome. Certain vectors are capable of autonomous repli¬

cation in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial

origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal

mammalian vectors) can be integrated into the genome of a host cell upon introduction into

the host cell, and thereby are replicated along with the host genome. Moreover, certain vec-

tors are capable of directing the expression of genes to which they are operatively linked.

Such vectors are referred to herein as "recombinant expression vectors" (or simply, "expres¬

sion vectors"). In general, expression vectors of utility in recombinant DNA techniques are

often in the form of plasmids. In the present specification, "plasmid" and "vector" may be

used interchangeably as the plasmid is the most commonly used form of vector. However, the

invention is intended to include such other forms of expression vectors, such as viral vectors

(e.g. , replication defective retroviruses, adenoviruses and adeno-associated viruses), which

serve equivalent functions.

The term "operably linked" refers to a juxtaposition wherein the components described are in

a relationship permitting them to function in their intended manner. A control sequence "op¬

erably linked" to a coding sequence is ligated in such a way that expression of the coding

sequence is achieved under conditions compatible with the control sequences. "Operably

linked" sequences include both expression control sequences that are contiguous with the

gene of interest and expression control sequences that act in trans or at a distance to control

the gene of interest. The term "expression control sequence" as used herein refers to polynu¬

cleotide sequences which are necessary to effect the expression and processing of coding

sequences to which they are ligated. Expression control sequences include appropriate tran¬

scription initiation, termination, promoter and enhancer sequences; efficient RNA processing

signals such as splicing and polyadenylation signals; sequences that stabilize cytoplasmic

mRNA; sequences that enhance translation efficiency (i.e., ozak consensus sequence); se¬

quences that enhance protein stability; and when desired, sequences that enhance protein se¬

cretion. The nature of such control sequences differs depending upon the host organism; in

prokaryotes, such control sequences generally include promoter, ribosomal binding site, and



transcription termination sequence; in eukaryotes, generally, such control sequences include

promoters and transcription termination sequence. The term "control sequences" is intended

to include components whose presence is essential for expression and processing, and can

also include additional components whose presence is advantageous, for example, leader se-

quences and fusion partner sequences.

"Transformation", as defined herein, refers to any process by which exogenous DNA enters a

host cell. Transformation may occur under natural or artificial conditions using various meth¬

ods well known in the art. Transformation may rely on any known method for the insertion of

foreign nucleic acid sequences into a prokaryotic or eukaryotic host cell. The method is se¬

lected based on the host cell being transformed and may include, but is not limited to, viral

infection, electroporation, lipofection, and particle bombardment. Such "transformed" cells

include stably transformed cells in which the inserted DNA is capable of replication either as

an autonomously replicating plasmid or as part of the host chromosome. They also include

cells which transiently express the inserted DNA or RNA for limited periods of time.

The term "recombinant host cell" (or simply "host cell"), as used herein, is intended to refer

to a cell into which exogenous DNA has been introduced. It should be understood that such

terms are intended to refer not only to the particular subject cell, but, to the progeny of such a

cell. Because certain modifications may occur in succeeding generations due to either muta¬

tion or environmental influences, such progeny may not, in fact, be identical to the parent

cell, but are still included within the scope of the term "host cell" as used herein. In one as¬

pect, host cells include prokaryotic and eukaryotic cells selected from any of the kingdoms of

life. Eukaryotic cells include protist, fungal, plant and animal cells. In another aspect host

cells include, but are not limited to, the prokaryotic cell line E.coli; mammalian cell lines

CHO, HEK 293 and COS; the insect cell line Sf9; and the fungal cell Saccharomyces cere-

visiae.

Standard techniques may be used for recombinant DNA, oligonucleotide synthesis, and tissue

culture and transformation (e.g., electroporation, lipofection). Enzymatic reactions and purifi¬

cation techniques may be performed according to manufacturer's specifications or as com¬

monly accomplished in the art or as described herein. The foregoing techniques and proce¬

dures may be 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. See e.g., Sambrook et al. Molecular Cloning: A Labo¬

ratory Manual (2nd ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.

(1989)), which is incorporated herein by reference for any purpose.

"Transgenic organism", as known in the art and as used herein, refers to an organism having

cells that contain a transgene, wherein the transgene introduced into the organism (or an an¬

cestor of the organism) expresses a polypeptide not naturally expressed in the organism. A

"transgene" is a DNA construct, which is stably and operably integrated into the genome of a

cell from which a transgenic organism develops, directing the expression of an encoded gene

product in one or more cell types or tissues of the transgenic organism.

The terms "regulate" and "modulate" are used interchangeably, and, as used herein, refer to a

change or an alteration in the activity of a molecule of interest {e.g., the biological activity of

a targeted Αβ form). Modulation may be an increase or a decrease in the magnitude of a cer¬

tain activity or function of the molecule of interest. Exemplary activities and functions of a

molecule include, but are not limited to, binding characteristics, enzymatic activity, cell re¬

ceptor activation, and signal transduction.

Correspondingly, the term "modulator," as used herein, is a compound capable of changing or

altering an activity or function of a molecule of interest (e.g., the biological activity of a tar¬

geted Αβ form). For example, a modulator may cause an increase or decrease in the magni¬

tude of a certain activity or function of a molecule compared to the magnitude of the activity

or function observed in the absence of the modulator. In certain embodiments, a modulator is

an inhibitor, which decreases the magnitude of at least one activity or function of a molecule.

The term "agonist", as used herein, refers to a modulator that, when contacted with a mole¬

cule of interest, causes an increase in the magnitude of a certain activity or function of the

molecule compared to the magnitude of the activity or function observed in the absence of

the agonist.

The term "antagonist" or "inhibitor", as used herein, refer to a modulator that, when contacted

with a molecule of interest causes a decrease in the magnitude of a certain activity or function



of the molecule compared to the magnitude of the activity or function observed in the ab¬

sence of the antagonist. Particular antagonists of interest include those that block or modulate

the biological activity of a targeted AB form. Antagonists and inhibitors of a targeted AB form

may include, but are not limited to, the binding proteins of the invention, which bind to

Αβ(20-42) globulomer and any other targeted AB form. An antagonist or inhibitor of a tar¬

geted Αβ form may, for example, reduce the inhibitory effect of said Αβ form on the activity

of a P/Q type voltage-gated presynaptic calcium channel.

As used herein, the term "effective amount" refers to the amount of a therapy which is suffi-

cient to reduce or ameliorate the severity and/or duration of a disorder or one or more symp¬

toms 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).

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 marrow, lymph nodes and

spleen.

I. ANTIBODIES OF THE INVENTION

A first particular aspect of the invention provides murine antibodies, or antigen-binding por-

tions thereof, that bind AB(20-42) globulomer and/or any other targeted AB form. A second

particular aspect of the invention provides chimeric antibodies, or antigen-binding portions

thereof, that bind AB(20-42) globulomer and/or any other targeted AB form. A third particular

aspect of the invention provides CDR grafted antibodies, or antigen-binding portions thereof,

that bind AB(20-42) globulomer and/or any other targeted AB form. A forth particular aspect

of the invention provides humanized antibodies, or antigen-binding portions thereof, that bind

AB(20-42) globulomer and/or any other targeted AB form. According to one particular aspect,

the antibodies, or portions thereof, are isolated antibodies. According to a further particular



aspect, the antibodies of the invention neutralize an activity of AI3(20-42) globulomer and/or

of any other targeted A J form.

A. PRODUCTION OF RECOMBINANT AB(20-42) GLOBULOMER ANTIBODIES

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) en¬

coding 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 precipitation, DEAE-dextran

transfection and the like. It is possible to express the antibodies of the invention in either pro¬

karyotic or eukaryotic host cells. According to a particular aspect of the invention, expression

of antibodies is performed using eukaryotic cells, for example mammalian host cells, because

such eukaryotic cells (and in particular mammalian 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 antibodies of

the invention include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, de¬

scribed 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. Kaufman and P.A. Sharp (1982) Mol.

Biol. 159:601-621), NS0 myeloma cells, COS cells and SP2 cells. When recombinant expres¬

sion vectors encoding antibodies genes are introduced into mammalian host cells, the anti¬

bodies 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 me¬

dium 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 procedure 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 anti-

gens 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 enhancer/ 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 trans-

formants, culture the host cells and recover the antibody from the culture medium. Still fur-

ther 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 an¬

tibody of the invention is synthesized. The method can further comprise isolating the recom¬

binant antibody from the culture medium.

Antibody fragments that recognize specific epitopes may be generated by known techniques.

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 frag¬

ments) or pepsin (to produce F(ab')2 fragments). F(ab')2 fragments contain the variable re¬

gion, the light chain constant region and the CHI domain of the heavy chain.

1. ANTI-Afi(20-42) GLOBULOMER MURINE ANTIBODIES

Table 3A is a list of amino acid sequences of VH and VL regions of murine monoclonal anti¬

body m4C9.



Table 3A: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF m4C9

*CDRs are underlined in murine light and heavy chains.

Table 3B is a list of amino acid sequences of VH and VL regions of murine monoclonal anti¬

body ml0B3.

Table 3B: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF ml0B3

SEQUENCE
PROTEIN REGION SEQ ID NO



*CDRs are underlinec in murine light and heavy chains.

2. ΑΝΤΙ-Αβ(20-42) GLOBULOMER CHIMERIC ANTIBODIES

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

4,8 16,397, which are incorporated herein by reference in their entireties. In addition, tech¬

niques developed for the production of "chimeric antibodies" (Morrison 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.

In one embodiment, the chimeric antibodies of the invention are produced by replacing the

heavy chain constant region of the murine monoclonal anti-AB(20-42) globulomer antibodies

described herein with a human IgGl constant region.

3. ΑΝΤΙ-Αβ(20-42) GLOBULOMER CDR-GRAFTED ANTIBODIES

CDR-grafted antibodies of the invention comprise heavy and light chain variable region se¬

quences 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 reduce affinity. Therefore, the human vari¬

able 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% sequence 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 Immunol¬

ogy 28(4/5):489-498 (1991); Studnickaet al., Protein Engineering 7(6):805-814 (1994);

Roguska et al., PNAS 91:969-973 (1994)), and chain shuffling (U.S. Pat. No. 5,565,352).

Table 4A below illustrates the sequences of CDR grafted 4D10-type antibodies of the present

invention and the CDRs contained therein.

TABLE 4A: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF CDR-

GRAFTED 4C9-TYPE ANTIBODIES



*CDRs are underlined in humanized light and heavy chains.

Table 4B below illustrates the sequences of CDR grafted 4D10-type antibodies of the present

invention and the CDRs contained therein.

TABLE 4B: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF CDR-

GRAFTED 10B3-TYPE ANTIBODIES



s are un er ne n uman ze g t an eavy c a ns.

4. ANTI-Afi(20-42) GLOBULOMER HUMANIZED ANTIBODIES

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 immunoglobulin 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/1 996/vlab/; www.path.cam.ac.uk/.about.mrc7/m- ikei-

mages.html; www.antibodyresource.com/; mcb.harvard.edu/BioLinks/Immuno-

logy.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;

aximtl.imt.uni-marburg.de/.about.rek/AEP- Start.html;

baserv.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; anti-

body.bath.ac.uk/; abgen.cvm.tamu.edu/lab/wwwabgen.html;

www.unizh.ch/.about.honegger/AHOsem- inar/SlideOl .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/T AHHP.html;

www.ibt.unam.mx/vir/structure/stat_aim.html; 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 Immu-

nological 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 mod¬

ify binding, affinity, on-rate, off-rate, avidity, specificity, half-life, or any other suitable char¬

acteristic, as known in the art.

Framework residues in the human framework regions may be substituted with the corre¬

sponding 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 mod¬

eling of the interactions of the CDR and framework residues to identify framework residues

important for antigen binding and sequence comparison to identify unusual framework resi-

dues 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 herein 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 structures of selected candidate immunoglobulin se¬

quences. Inspection of these displays permits analysis of the likely role of the residues in the

functioning of the candidate immunoglobulin sequence, i.e., the analysis of residues that in¬

fluence the ability of the candidate immunoglobulin to bind its antigen. In this way, FR resi-

dues can be selected and combined from the consensus and import sequences so that the de¬

sired antibody characteristic, such as increased affinity for the target antigen(s), is achieved.

In general, 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, GB91/01 134, GB92/01755;

WO90/14443, WO90/14424, WO90/14430, 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.

Table 5A below illustrates the sequences of humanized 4C9-type antibodies of the present

invention and the CDRs contained therein.

TABLE 5A: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF HU¬

MANIZED 4C9-TYPE ANTIBODIES





*CDRs are underlinec in humanized light and heavy chains.

Table 5B below illustrates the sequences of humanized 10B3-type antibodies of the present

invention and the CDRs contained therein.

TABLE 5B: LIST OF AMINO ACID SEQUENCES OF VH AND VL REGIONS OF HU¬

MANIZED 10B3-TYPE ANTIBODIES

B. ANTIBODIES AND ANTIBODY-PRODUCING CELL LINES



According to one aspect, anti-AB(20-42) globulomer antibodies of the present invention or

antibodies against any other targeted Αβ form exhibit a high capacity to reduce or to neutral¬

ize activity of A13(20-42) globulomer (and/or any other targeted A form).

In certain embodiments, the antibody comprises a heavy chain constant region, such as an

IgGl, IgG2, IgG3, IgG4, IgA, IgE, IgM or IgD constant region. According to one aspect, the

heavy chain constant region is an IgGl heavy chain constant region or an IgG4 heavy chain

constant region. According to a further aspect, the antibody comprises 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 an¬

tibody 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 function 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 anti¬

body 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, de¬

pending on the therapeutic objectives. Certain human IgG isotypes, particularly IgGl and

IgG3, mediate ADCC and CDC via binding to FcyRs and complement Clq, 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 de-

rivatized or linked to another functional molecule (e.g. , another peptide or protein). For ex¬

ample, a labeled antibody of the invention can be derived by functionally linking an antibody

of the invention (by chemical coupling, genetic fusion, noncovalent association 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 fluorescein, fluores¬

cein isothiocyanate, rhodamine, 5-dimethylamine-l-napthalenesulfonyl chloride, phyco-

erythrin and the like. An antibody may also be derivatized with detectable 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 diaminoben-

zidine leads to a colored reaction product, which is detectable. An antibody may also be de¬

rivatized with biotin, and detected through indirect measurement of avidin or streptavidin

binding.

Another embodiment of the invention provides a crystallized antibody. According to one as-

pect, the invention relates to crystals of whole anti-AB(20-42) globulomer antibodies and

fragments thereof as disclosed herein, and formulations and compositions comprising 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 further aspect, the antibody re¬

tains 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 production may un¬

dergo further processing, known as post-translational modification. In particular, sugar (gly-

cosyl) 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. 2 1 (2005), pp. 11-16). In contrast, 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 effect on antibody binding affinity,

likely due to steric hindrance (Co, M.S., et al, Mol. Immunol. (1993) 30:1361-1367), or re-

suit 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).

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 modified.

For example, an aglycoslated antibody can be made (/'.e., the antibody lacks glycosylation).

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 glycosyla-

tion 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 Interna¬

tional Appln. Publication No. WO03/016466A2, and U.S. Pat. Nos. 5,714,350 and 6,350,861,

each of which is incorporated 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 GlcNAc structures. 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 anti-

body in a host cell with altered glycosylation machinery. 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 glyco¬

sylation. 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. Publication 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 produce different

glycosylation enzymes (e.g., glycosyltransferases and glycosidases), and have different sub¬

strates (nucleotide sugars) available. Due to such factors, protein glycosylation pattern, and

composition of glycosyl residues, may differ depending on the host system in which the par-

ticular protein is expressed. Glycosyl residues useful in the invention may include, but are not

limited to, glucose, galactose, mannose, fucose, n-acetylglucosamine and sialic acid. Ac¬

cording 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 differ¬

ing protein characteristics. For instance, the efficacy of a therapeutic protein produced in a

microorganism host, such as yeast, and glycosylated utilizing the yeast endogenous 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 immunogenic in humans and show reduced

half-life in vivo after administration. Specific receptors in humans and other animals may

recognize specific glycosyl residues and promote the rapid clearance of the protein from the

bloodstream. Other adverse effects may include changes in protein folding, solubility, sus¬

ceptibility 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 geneti-

cally modifying the host cell to express heterologous glycosylation enzymes. Using tech¬

niques known in the art a practitioner may generate antibodies exhibiting human protein gly¬

cosylation. For example, yeast strains have been genetically modified to express non-

naturally occurring glycosylation enzymes such that glycosylated proteins (glycoproteins)



produced in these yeast strains exhibit protein glycosylation identical 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 anti¬

bodies of the invention. An anti-Id antibody is an antibody, which recognizes unique deter¬

minants 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 containing region

thereof. The immunized animal will recognize, and respond to the idiotypic determinants of

the immunizing antibody and produce an anti-Id antibody. The anti-Id 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 ex-

pressed using a library of host cells genetically engineered to express various glycosylation

enzymes, such that member host cells of the library produce the protein of interest with vari¬

ant 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.

C. USES OF ANTI-AB(20-42) GLOBULOMER ANTIBODIES

Given their ability to bind to AB(20-42) globulomer, the anti-AB(20-42) globulomer antibod¬

ies, or antibodies against any other targeted Αβ form, of the invention can be used to detect

AB(20-42) globulomer and/or any other targeted AB form (e.g., in a biological sample such as

serum, CSF, brain tissue or plasma), using a conventional immunoassay, such as an enzyme

linked immunosorbent assays (ELISA), an radioimmunoassay (RIA) or tissue immunohisto-

chemistry. The invention provides a method for detecting AB(20-42) globulomer and/or any

other targeted AB form in a biological sample comprising contacting a biological sample with

an antibody of the invention and detecting either the antibody bound to AB(20-42) globulo¬

mer (and/or and/or any other targeted AB form) or unbound antibody, to thereby detect

AB(20-42) globulomer, and/or any other targeted AB form in the biological sample. The anti¬

body is directly or indirectly labeled with a detectable substance to facilitate detection of the



bound or unbound antibody. Suitable detectable substances include various enzymes, pros¬

thetic groups, fluorescent materials, luminescent materials and radioactive materials. Exam¬

ples of suitable enzymes include horseradish peroxidase, alkaline phosphatase, β-

galactosidase, or acetylcholinesterase; examples of suitable prosthetic group complexes in-

elude streptavidin/biotin and avidin/biotin; examples of suitable fluorescent materials include

umbelliferone, fluorescein, fluorescein isothiocyanate, rhodamine, dichlorotriazinylamine

fluorescein, dansyl chloride or phycoerythrin; an example of a luminescent material includes

luminol; and examples of suitable radioactive material include 3H, , C, S, 90Y, "Tc, "'in,

,251, 131 I, ,77Lu, 1 Ho, or ,53Sm.

Alternative to labeling the antibody, AB(20-42) globulomer and/or any other targeted AB

form can be assayed in biological fluids by a competition immunoassay utilizing AB(20-42)

globulomer standards labeled with a detectable substance and an unlabeled anti-AJ3(20-42)

globulomer antibody. In this assay, the biological sample, the labeled AJ3(20-42) globulomer

standards and the anti-AB(20-42) globulomer antibody are combined and the amount of la¬

beled AB(20-42) globulomer standard bound to the unlabeled antibody is determined. The

amount of AB(20-42) globulomer, and/or any other targeted AB form in the biological sample

is inversely proportional to the amount of labeled AB(20-42) globulomer standard bound to

the anti-AB(20-42) globulomer antibody.

According to one aspect of the invention, the antibodies of the invention are capable of neu¬

tralizing AB(20-42) globulomer activity, and/or activity of any other targeted AB form both in

vitro and in vivo. Accordingly, such antibodies of the invention can be used to inhibit (i.e.

reduce) AB(20-42) globulomer activity, and/or activity of any other targeted AB form, e.g. , in

a cell culture containing AB(20-42) globulomer, and/or any other targeted AB form in human

subjects or in other mammalian subjects having AB(20-42) globulomer, and/or any other tar¬

geted AB form with which an antibody of the invention cross-reacts. In one embodiment, the

invention provides a method for inhibiting (i.e. reducing) Αβ(20-42) globulomer activity,

and/or activity of any other targeted AB form comprising contacting AB(20-42) globulomer,

and/or any other targeted AB form with an antibody of the invention such that Αβ(20-42)

globulomer activity, and/or activity of any other targeted AB form is inhibited (i.e. reduced).

For example, in a cell culture containing, or suspected of containing AB(20-42) globulomer,

and/or any other targeted AB form an antibody of the invention can be added to the culture



medium to inhibit (i.e. reduce) Αβ(20-42) globulomer activity, and/or activity of any other

targeted AB form in the culture.

In another embodiment, the invention provides a method for inhibiting (i.e. reducing) activity

of a targeted AB form in a subject, advantageously in a subject suffering from a disease or

disorder in which activity of said Αβ form is detrimental, or a disease or disorder or disorder

which is selected from the group consisting of Alphal-antitrypsin-deficiency, CI-inhibitor

deficiency angioedema, Antithrombin deficiency thromboembolic disease, Kuru, Creutzfeld-

Jacob disease/scrapie, Bovine spongiform encephalopathy, Gerstmann-Straussler-Scheinker

disease, Fatal familial insomnia, Huntington's disease, Spinocerebellar ataxia, Machado-

Joseph atrophy, Dentato-rubro-pallidoluysian atrophy, Frontotemporal dementia, Sickle cell

anemia, Unstable hemoglobin inclusion-body hemolysis, Drug-induced inclusion body he¬

molysis, Parkinson's disease, Systemic AL amyloidosis, Nodular AL amyloidosis, Systemic

AA amyloidosis, Prostatic amyloidosis, Hemodialysis amyloidosis, Hereditary (Icelandic)

cerebral angiopathy, Huntington's disease, Familial visceral amyloidosis, Familial visceral

polyneuropathy, Familial visceral amyloidosis, Senile systemic amyloidosis, Familial amy¬

loid neurophathy, Familial cardiac amyloidosis, Alzheimer's disease, Down syndrome, Me¬

dullary carcinoma thyroid and Type 2 diabetes mellitus (T2DM).

The invention provides methods for inhibiting (i.e. reducing) the activity of a targeted AB

form in a subject suffering from such a disease or disorder, which method comprises admin¬

istering to the subject an antibody of the invention such that the activity of said AB form in

the subject is inhibited (i.e. reduced). In one aspect of the invention, said targeted Αβ form is

a human Α β form, and the subject is a human subject. Alternatively, the subject can be a non-

human mammal expressing APP or any AB-form resulting in the generation of a targeted AB

form to which an antibody of the invention is capable of binding. Still further the subject can

be a non-human mammal into which a targeted AB form has been introduced (e.g., by ad¬

ministration of the targeted AB form or by expression of APP or any other AB-form resulting

in the generation of the targeted AB form. An antibody of the invention can be administered

to a human subject for therapeutic purposes. Moreover, an antibody of the invention can be

administered to a non-human mammal wherein expression of APP or any AB-form resulting

in the generation of a targeted AB form with which the antibody is capable of binding for

veterinary purposes or as an animal model of human disease. Regarding the latter, such ani-



mal models may be useful for evaluating the therapeutic efficacy of antibodies of the inven¬

tion (e.g., testing of dosages and time courses of administration).

Another embodiment is a method for inhibiting (i.e. reducing) activity of a targeted A form

in a subject suffering from an amyloidosis, such as Alzheimer's disease or Down syndrome.

A disorder in which activity of a targeted AJ3 form is detrimental includes diseases and other

disorders in which the presence of a targeted Ai$ form in a subject suffering from the disorder

has been shown to be or is suspected of being either responsible for the pathophysiology of

the disorder or a factor that contributes to a worsening of the disorder. Accordingly, a disor¬

der in which activity of a targeted Afi form is detrimental is a disorder in which inhibition

(i.e. reduction) of the activity said A form is expected to alleviate some or all of the symp¬

toms and/or progression of the disorder. Such disorders may be evidenced, for example, by

an increase in the concentration of a targeted A form in a biological fluid of a subject suf-

fering from the disorder (e.g., an increase in the concentration of the targeted A13 form in se¬

rum, brain tissue, plasma, cerebrospinal fluid, etc. of the subject), which can be detected, for

example, using an anti-AB(20-42) globulomer antibody and/or antibody against any other

targeted Afl form as described above or any antibody to any Αβ form that comprises the

globulomer epitope with which the antibodies of the present invention are reactive. Non-

limiting examples of disorders that can be treated with the antibodies of the invention include

those disorders disclosed herein and those discussed in the section below pertaining to phar¬

maceutical compositions of the antibodies of the invention.

In still yet another embodiment, the present invention relates to a method for preventing the

progression (e.g., worsening) of a disease condition described herein. The method comprises

administering to the subject in need of treatment thereof (e.g., a mammal, such as a human) a

therapeutically effective amount of any of the binding proteins or antibodies as described

herein. Alternatively, the method comprises administering to the subject a therapeutically

effective amount of any of the proteins as described herein, in combination with a therapeuti-

cally effective amount of at least one therapeutic agent.

In the above described methods for preventing the development or progression of a disorder

described herein one or more biomarkers, diagnostic tests or combination of biomarkers and



diagnostic tests known to those skilled the art can be used to determine whether or not (1) a

subject is at risk of developing one or more of the disorders described herein; or (2) the dis¬

orders described herein in the subject previously diagnosed with one or more of the afore¬

mentioned disorders is progressing (e.g., worsening).

One or more biomarkers, diagnostic tests or combinations of biomarkers and diagnostic tests

known in the art can be used to identify subjects who are at risk of developing a disorder de¬

scribed herein. Likewise, one or more biomarkers, diagnostic tests or combinations of bio¬

markers and diagnostic tests known in the art can be used to determine the progression of the

disease or condition of subjects who have been identified as suffering from a disorder de¬

scribed herein. For example, one or more biological markers, neuroimaging markers or com¬

bination of biological or neuroimaging markers (e.g., MRJ, etc.) can be used to identify sub¬

jects at risk of developing Alzheimer's diseaseor, for those subjects identified as suffering

from Alzheimer's disease, the progression of the disease. Biological markers that can be ex-

amined include, but are not limited to, beta-amyloid 1-42, tau, phosphorylated tau (ptau),

plasma AJ3 antibodies, a-antichymotrypsin, amyloid precursor protein, APP isoform ratio in

platelets, β-secretase (also known as BACE), CD59, 8-hydroxy-deoxyguanine, glutamine

synthetase, glial fibrillary acidic protein (GFAP), antibodies to GFAP, interleukin-6-receptor

complex, kallikrein, melanotransferrin, neurofilament proteins, nitrotyrosine, oxysterols, sul-

phatides, synaptic markers, S100B, NPS, plasma signaling proteins, etc., or any combinations

thereof (See, Shaw, L., et al., Nature Reviews 2007, 6, 295-303. Borroni, B., et al., Current

Med. Chem. 2007, 14, 1171-1 178. Phillips, K., et al., Nature Reviews 2006, 5 463-469.

Bouwman, F.H., et al., Neurology 2007, 69, 1006-101 1; Ray, S., et al., Nature Medicine

2007, 13(1 1), 1359-1362. Cummings, J., et al., Neurology 2007, 69, 1622-1634.).

D. PHARMACEUTICAL COMPOSITIONS

The invention also provides pharmaceutical compositions comprising an antibody of the in¬

vention and a pharmaceutically acceptable carrier. The pharmaceutical compositions com¬

prising antibodies of the invention are for use in, but not limited to, diagnosing, detecting, or

monitoring a disorder, in preventing, treating, managing, or ameliorating of a disorder or one

or more symptoms thereof, and/or in research. In a specific embodiment, a composition com¬

prises one or more antibodies of the invention. In another embodiment, the pharmaceutical

composition comprises one or more antibodies of the invention and one or more prophylactic

or therapeutic agents other than antibodies of the invention for treating a disorder in which



activity of a targeted Αβ form is detrimental. In a further embodiment, the prophylactic or

therapeutic agents are known to be useful for, or have been, or are currently being used in the

prevention, treatment, management, or amelioration of a disorder, or one or more symptoms

thereof. In accordance with these embodiments, the composition may further comprise of a

carrier, diluent or excipient.

The antibodies of the invention can be incorporated into pharmaceutical compositions suit¬

able for administration to a subject. Typically, the pharmaceutical composition comprises an

antibody of the invention and a pharmaceutically acceptable carrier. As used herein, "phar-

maceutically acceptable carrier" includes any and all solvents, dispersion media, coatings,

antibacterial and antifungal agents, isotonic and absorption delaying agents, and the like that

are physiologically compatible. Examples of pharmaceutically acceptable carriers include one

or more of water, saline, phosphate buffered saline, dextrose, glycerol, ethanol and the like,

as well as combinations thereof. In many cases, it will be preferable to include isotonic

agents, for example, sugars, polyalcohols such as mannitol, sorbitol, or sodium chloride in the

composition. Pharmaceutically acceptable carriers may further comprise minor amounts of

auxiliary substances such as wetting or emulsifying agents, preservatives or buffers, which

enhance the shelf life or effectiveness of the antibody.

In a further embodiment, the pharmaceutical composition comprises at least one additional

therapeutic agent for treating a disorder as disclosed herein.

Various delivery systems are known and can be used to administer one or more antibodies of

the invention or the combination of one or more antibodies of the invention and a prophylac-

tic agent or therapeutic agent useful for preventing, managing, treating, or ameliorating a dis¬

order or one or more symptoms thereof, e.g., encapsulation in liposomes, microparticles, mi¬

crocapsules, recombinant cells capable of expressing the antibody or antibody fragment, re¬

ceptor- mediated endocytosis (see, e.g., Wu and Wu, J. Biol. Chem. 262:4429-4432 (1987)),

construction of a nucleic acid as part of a retroviral or other vector, etc. Methods of adminis-

tering a prophylactic or therapeutic agent of the invention include, but are not limited to, par¬

enteral administration (e.g., intradermal, intramuscular, intraperitoneal, intravenous and sub¬

cutaneous) , epidurala administration, intratumoral administration, and mucosal adminsitra-

tion (e.g., intranasal and oral routes). In addition, pulmonary administration can be em-



ployed, e.g., by use of an inhaler or nebulizer, and formulation with an aerosolizing agent.

See, e.g., U.S. Pat. Nos. 6,019,968, 5,985,320, 5,985,309, 5,934,272, 5,874,064, 5,855,913,

5,290,540, and 4,880,078; and PCT Publication Nos. WO 92/19244, W097/32572,

WO97/44013, W098/31346, and WO99/66903, each of which is incorporated herein by ref-

erence their entireties. In one embodiment, an antibody of the invention, combination ther¬

apy, or a composition of the invention is administered using Alkermes AIR® pulmonary drug

delivery technology (Alkermes, Inc., Cambridge, Mass.). In a specific embodiment, prophy¬

lactic or therapeutic agents of the invention are administered intramuscularly, intravenously,

intratumorally, orally, intranasally, pulmonary, or subcutaneously. The prophylactic or thera-

peutic agents may be administered by any convenient route, for example by infusion or bolus

injection, by absorption through epithelial or mucocutaneous linings (e.g., oral mucosa, rectal

and intestinal mucosa, etc.) and may be administered together with other biologically active

agents. Administration can be systemic or local.

In a specific embodiment, it may be desirable to administer the antibodies of the invention

locally to the area in need of treatment; this may be achieved by, for example, and not by way

of limitation, local infusion, by injection, or by means of an implant, said implant being of a

porous or non-porous material, including membranes and matrices, such as sialastic mem¬

branes, polymers, fibrous matrices (e.g., Tissuel®), or collagen matrices. In one embodiment,

an effective amount of one or more antibodies of the invention is administered locally to the

affected area to a subject to prevent, treat, manage, and/or ameliorate a disorder or a symptom

thereof. In another embodiment, an effective amount of one or more antibodies of the inven¬

tion is administered locally to the affected area in combination with an effective amount of

one or more therapies (e.g., one or more prophylactic or therapeutic agents) other than an

antibody of the invention of a subject to prevent, treat, manage, and/or ameliorate a disorder

or one or more symptoms thereof.

In another embodiment, the antobodiy can be delivered in a controlled release or sustained

release system. In one embodiment, a pump may be used to achieve controlled or sustained

release (see Langer, supra; Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:20; Buchwald et

ah, 1980, Surgery 88:507; Saudek et al, 1989, N. Engl. J. Med. 321 :574). In another em¬

bodiment, polymeric materials can be used to achieve controlled or sustained release of the

therapies of the invention (see e.g., Medical Applications of Controlled Release, Langer and



Wise (eds.), CRC Pres., Boca Raton, Fla. (1974); Controlled Drug Bioavailability, Drug

Product Design and Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger

and Peppas, 1983, J., Macromol. Sci. Rev. Macromol. Chem. 23:61; see also Levy et al,

1985, Science 228:190; During et al, 1989, Ann. Neurol. 25:351; Howard et al, 1989, J .

Neurosurg. 7 1:105); U.S. Pat. No. 5,679,377; U.S. Pat. No. 5,916,597; U. S. Pat. No.

5,912,015; U.S. Pat. No. 5,989,463; U.S. Pat. No. 5,128,326; PCT Publication No.

W099/15154; and PCT Publication No. WO99/20253. Examples of polymers used in sus¬

tained release formulations include, but are not limited to, poly(2-hydroxy ethyl methacryl-

ate), poly(methyl methacrylate), poly(acrylic acid), poly(ethylene-co-vinyl acetate),

poly(methacrylic acid), polyglycolides (PLG), polyanhydrides, poly(N- vinyl pyrrolidone),

poly(vinyl alcohol), polyacrylamide, poly(ethylene glycol), polylactides (PLA), poly(lactide-

co-glycolides) (PLGA), and polyorthoesters. In a particular embodiment, the polymer used in

a sustained release formulation is inert, free of leachable impurities, stable on storage, sterile,

and biodegradable. In yet another embodiment, a controlled or sustained release system can

be placed in proximity of the prophylactic or therapeutic target, thus requiring only a fraction

of the systemic dose (see, e.g., Goodson, in Medical Applications of Controlled Release, su¬

pra, vol. 2, pp. 115-138 (1984)).

Controlled release systems are discussed in the review by Langer (1990, Science 249:1527-

1533). Any technique known to one of skill in the art can be used to produce sustained re¬

lease formulations comprising one or more antibodies of the invention. See, e.g., U. S. Pat.

No. 4,526, 938, PCT publication WO91/05548, PCT publication WO96/20698, Ning et al,

1996, "Intratumoral Radioimmunotheraphy of a Human Colon Cancer Xenograft Using a

Sustained-Release Gel," Radiotherapy &Oncology 39:179-189, Song et al, 1995, "Antibody

Mediated Lung Targeting of Long- Circulating Emulsions," PDA Journal of Pharmaceutical

Science & Technology 50:372-397, Cleek etal, 1997, "Biodegradable Polymeric Carriers for

a bFGF Antibody for Cardiovascular Application," Pro. Int'l. Symp. Control. Rel. Bioact.

Mater. 24:853-854, and Lam et al, 1997, "Microencapsulation of Recombinant Humanized

Monoclonal Antibody for Local Delivery," Proc. Int'l. Symp. Control Rel. Bioact. Mater.

24:759- 760, each of which is incorporated herein by reference in their entireties.

In a specific embodiment, where the composition of the invention is a nucleic acid encoding

an antibody, the nucleic acid can be administered in vivo to promote expression of its en-



coded antibody, by constructing it as part of an appropriate nucleic acid expression vector

and administering it so that it becomes intracellular, e.g., by use of a retroviral vector (see U.

S. Pat. No. 4,980,286), or by direct injection, or by use of microparticle bombardment (e.g., a

gene gun; Biolistic, Dupont), or coating with lipids or cell-surface receptors or transfecting

agents, or by administering it in linkage to a homeobox-like peptide which is known to enter

the nucleus (see, e.g., Joliot etal, 1991, Proc. Natl. Acad. Sci. USA 88:1864-1868). Alterna¬

tively, a nucleic acid can be introduced intraceliularly and incorporated within host cell DNA

for expression by homologous recombination.

A pharmaceutical composition of the invention is formulated to be compatible with its in¬

tended route of administration. Examples of ο of administration include, but are not lim¬

ited to, parenteral, e.g., intravenous, intradermal, subcutaneous, oral, intranasal (e.g., inhala¬

tion), transdermal (e.g., topical), transmucosal, and rectal administration. In a specific em¬

bodiment, the composition is formulated in accordance with routine procedures as a pharma-

ceutical composition adapted for intravenous, subcutaneous, intramuscular, oral, intranasal,

or topical administration to human beings. Typically, compositions for intravenous admini¬

stration are solutions in sterile isotonic aqueous buffer. Where necessary, the composition

may also include a solubilizing agent and a local anesthetic such as lignocamne to ease pain

at the site of the injection.

If the compositions of the invention are to be administered topically, the compositions can be

formulated in the form of an ointment, cream, transdermal patch, lotion, gel, shampoo, spray,

aerosol, solution, emulsion, or other form well-known to one of skill in the art. See, e.g.,

Remington's Pharmaceutical Sciences and Introduction to Pharmaceutical Dosage Forms, 19 th

ed., Mack Pub. Co., Easton, Pa. (1995). For non-sprayable topical dosage forms, viscous to

semi-solid or solid forms comprising a carrier or one or more excipients compatible with

topical application and having a dynamic viscosity greater than water are typically employed.

Suitable formulations include, without limitation, solutions, suspensions, emulsions, creams,

ointments, powders, liniments, salves, and the like, which are, if desired, sterilized or mixed

with auxiliary agents (e.g., preservatives, stabilizers, wetting agents, buffers, or salts) for in¬

fluencing various properties, such as, for example, osmotic pressure. Other suitable topical

dosage forms include sprayable aerosol preparations wherein the active ingredient, for exam¬

ple in combination with a solid or liquid inert carrier, is packaged in a mixture with a pres-



surized volatile (e.g., a gaseous propellant, such as freon) or in a squeeze bottle. Moisturizers

or humectants can also be added to pharmaceutical compositions and dosage forms if desired.

Examples of such additional ingredients are well-known in the art.

If the method of the invention comprises intranasal administration of a composition, the com¬

position can be formulated in an aerosol form, spray, mist or in the form of drops. In particu¬

lar, prophylactic or therapeutic agents for use according to the present invention can be con¬

veniently delivered in the form of an aerosol spray presentation from pressurized packs or a

nebuliser, with the use of a suitable propellant (e.g., dichlorodifluoromethane, trichlorofluo-

romethane, dichlorotetrafluoroethane, carbon dioxide or other suitable gas). In the case of a

pressurized aerosol the dosage unit may be determined by providing a valve to deliver a me¬

tered amount. Capsules and cartridges (composed of, e.g., gelatin) for use in an inhaler or

insufflator may be formulated containing a powder mix of the compound and a suitable pow¬

der base such as lactose or starch.

If the method of the invention comprises oral administration, compositions can be formulated

orally in the form of tablets, capsules, cachets, gelcaps, solutions, suspensions, and the like.

Tablets or capsules can be prepared by conventional means with pharmaceutically acceptable

excipients such as binding agents (e.g. , pregelatinised maize starch, polyvinylpyrrolidone, or

hydroxypropyl methylcellulose); fillers (e.g. , lactose, microcrystalline cellulose, or calcium

hydrogen phosphate); lubricants (e.g., magnesium stearate, talc, or silica); disintegrants (e.g.,

potato starch or sodium starch glycolate); or wetting agents (e.g., sodium lauryl sulphate).

The tablets may be coated by methods well-known in the art. Liquid preparations for oral

administration may take the form of, but not limited to, solutions, syrups or suspensions, or

they may be presented as a dry product for constitution with water or other suitable vehicle

before use. Such liquid preparations may be prepared by conventional means with pharma¬

ceutically acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose de¬

rivatives, or hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia); non¬

aqueous vehicles (e.g., almond oil, oily esters, ethyl alcohol, or fractionated vegetable oils);

and preservatives (e.g., methyl or propyl-p- hydroxybenzoates or sorbic acid). The prepara¬

tions may also contain buffer salts, flavoring, coloring, and sweetening agents as appropriate.

Preparations for oral administration may be suitably formulated for slow release, controlled

release, or sustained release of a prophylactic or therapeutic agent(s).



The method of the invention may comprise pulmonary administration, e.g., by use of an in¬

haler or nebulizer, of a composition formulated with an aerosolizing agent. See, e.g., U.S.

Pat. Nos. 6,019, 968, 5,985, 320, 5, 985,309, 5,934,272, 5,874,064, 5,855,913, 5,290,540, and

4,880,078; and PCT Publication Nos. WO 92/19244, WO 97/32572, WO 97/44013, WO

98/31346, and WO 99/66903, each of which is incorporated herein by reference their entire¬

ties. In a specific embodiment, an antibody of the invention, combination therapy, and/or

composition of the invention is administered using Alkermes AIR® pulmonary drug delivery

technology (Alkermes, Inc., Cambridge, Mass.).

The method of the invention may comprise administration of a composition formulated for

parenteral administration by injection (e.g., by bolus injection or continuous infusion). For¬

mulations for injection may be presented in unit dosage form (e.g., in ampoules or in multi-

dose containers) with an added preservative. The compositions may take such forms as sus-

pensions, solutions or emulsions in oily or aqueous vehicles, and may contain formulatory

agents such as suspending, stabilizing and/or dispersing agents. Alternatively, the active in¬

gredient may be in powder form for constitution with a suitable vehicle (e.g., sterile pyrogen-

free water) before use. The methods of the invention may additionally comprise of admini¬

stration of compositions formulated as depot preparations. Such long acting formulations may

be administered by implantation (e.g., subcutaneously or intramuscularly) or by intramuscu¬

lar injection. Thus, for example, the compositions may be formulated with suitable polymeric

or hydrophobic materials (e.g., as an emulsion in an acceptable oil) or ion exchange resins, or

as sparingly soluble derivatives (e.g., as a sparingly soluble salt).

The methods of the invention encompass administration of compositions formulated as neu¬

tral or salt forms. Pharmaceutically acceptable salts include those formed with anions such as

those derived from hydrochloric, phosphoric, acetic, oxalic, tartaric acids, etc., and those

formed with cations such as those derived from sodium, potassium, ammonium, calcium,

ferric hydroxides, isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine,

etc.

Generally, the ingredients of compositions are supplied either separately or mixed together in

unit dosage form, for example, as a dry lyophilized powder or water free concentrate in a



hermetically sealed container such as an ampoule or sachette indicating the quantity of active

agent. Where the mode of administration is infusion, composition can be dispensed with an

infusion bottle containing sterile pharmaceutical grade water or saline. Where the mode of

administration is by injection, an ampoule of sterile water for injection or saline can be pro-

vided so that the ingredients may be mixed prior to administration.

In particular, the invention also provides that one or more of the antibodies, or pharmaceuti¬

cal compositions, of the invention is packaged in a hermetically sealed container such as an

ampoule or sachette indicating the quantity of the antibody. In one embodiment, one or more

of the antibodies, or pharmaceutical compositions of the invention is supplied as a dry steril¬

ized lyophilized powder or water free concentrate in a hermetically sealed container and can

be reconstituted (e.g., with water or saline) to the appropriate concentration for administration

to a subject. In one embodiment, one or more of the antibodies or pharmaceutical composi¬

tions of the invention is supplied as a dry sterile lyophilized powder in a hermetically sealed

container at a unit dosage of at least 5 mg, for example at least 10 mg, at least 15 mg, at least

25 mg, at least 35 mg, at least 45 mg, at least 50 mg, at least 75 mg, or at least 100 mg. The

lyophilized antibodies or pharmaceutical compositions of the invention should be stored at

between 2°C. and 8°C. in its original container and the antibodies, or pharmaceutical compo¬

sitions of the invention should be administered within 1 week, for example within 5 days,

within 72 hours, within 48 hours, within 24 hours, within 12 hours, within 6 hours, within 5

hours, within 3 hours, or within 1 hour after being reconstituted. In an alternative embodi¬

ment, one or more of the antibodies or pharmaceutical compositions of the invention is sup¬

plied in liquid form in a hermetically sealed container indicating the quantity and concentra¬

tion of the antibody. In a further embodiment, the liquid form of the administered composi-

tion is supplied in a hermetically sealed container at least 0.25 mg/ml, for example at least 0.5

mg/ml, at least 1 mg/ml, at least 2.5 mg/ml, at least 5 mg/ml, at least 8 mg/ml, at least 0

mg/ml, at least 15 mg/kg, at least 25 mg/ml, at least 50 mg/ml, at least 75 mg/ml or at least

100 mg/ml. The liquid form should be stored at between 2°C. and 8°C. in its original con¬

tainer.

The antibodies of the invention can be incorporated into a pharmaceutical composition suit¬

able for parenteral administration. In one aspect, antibodies will be prepared as an injectable

solution containing 0.1-250 mg/ml antibody. The injectable solution can be composed of ei-



ther a liquid or lyophilized dosage form in a flint or amber vial, ampule or pre-filled syringe.

The buffer can be L-histidine (1-50 mM), optimally 5-10 mM, at pH 5.0 to 7.0 (optimally pH

6.0). Other suitable buffers include but are not limited to, sodium succinate, sodium citrate,

sodium phosphate or potassium phosphate. Sodium chloride can be used to modify the toxic-

ity of the solution at a concentration of 0-300 mM (optimally 150 mM for a liquid dosage

form). Cryoprotectants can be included for a lyophilized dosage form, principally 0-10% su¬

crose (optimally 0.5-1.0%). Other suitable cryoprotectants include trehalose and lactose.

Bulking agents can be included for a lyophilized dosage form, principally 1-10% mannitol

(optimally 2-4%). Stabilizers can be used in both liquid and lyophilized dosage forms, princi-

pally 1-50 mM L-Methionine (optimally 5-10 mM). Other suitable bulking agents include

glycine, arginine, can be included as 0-0.05% polysorbate-80 (optimally 0.005-0.01%). Ad¬

ditional surfactants include but are not limited to polysorbate 20 and BRIJ surfactants. The

pharmaceutical composition comprising the antibodies of the invention prepared as an inject¬

able solution for parenteral administration, can further comprise an agent useful as an adju-

vant, such as those used to increase the absorption, or dispersion of the antibody. A particu¬

larly useful adjuvant is hyaluronidase, such as Hylenex® (recombinant human hyaluroni-

dase). Addition of hyaluronidase in the injectable solution improves human bioavailability

following parenteral administration, particularly subcutaneous administration. It also allows

for greater injection site volumes (i.e. greater than 1 ml) with less pain and discomfort, and

minimum incidence of injection site reactions. (See International Appln. Publication No. WO

04/078140 and U.S. Patent Appln. Publication No. US2006104968, incorporated herein by

reference.)

The compositions of this invention may be in a variety of forms. These include, for example,

liquid, semi-solid and solid dosage forms, such as liquid solutions (e.g., injectable and infusi¬

ble solutions), dispersions or suspensions, tablets, pills, powders, liposomes and supposito¬

ries. The preferred form depends on the intended mode of administration and therapeutic ap¬

plication. Compositions can be in the form of injectable or infusible solutions, such as com¬

positions similar to those used for passive immunization of humans with other antibodies. In

one embodiment, the antibody is administered by intravenous infusion or injection. In another

embodiment, the antibody is administered by intramuscular or subcutaneous injection.



Therapeutic compositions typically must be sterile and stable under the conditions of manu¬

facture and storage. The composition can be formulated as a solution, microemulsion, disper¬

sion, liposome, or other ordered structure suitable to high drug concentration. Sterile inject¬

able solutions can be prepared by incorporating the active compound (i.e., a binding protein,

e.g. an antibody, of the present invention) in the required amount in an appropriate solvent

with one or a combination of ingredients enumerated above, as required, followed by filtered

sterilization. Generally, dispersions are prepared by incorporating the active compound into a

sterile vehicle that contains a basic dispersion medium and the required other ingredients

from those enumerated above. In the case of sterile, lyophilized powders for the preparation

of sterile injectable solutions, methods of preparation comprise vacuum drying and spray-

drying that yields a powder of the active ingredient plus any additional desired ingredient

from a previously sterile-filtered solution thereof. The proper fluidity of a solution can be

maintained, for example, by the use of a coating such as lecithin, by the maintenance of the

required particle size in the case of dispersion and by the use of surfactants. Prolonged ab-

sorption of injectable compositions can be brought about by including, in the composition, an

agent that delays absorption, for example, monostearate salts and gelatin.

The antibodies of the present invention can be administered by a variety of methods known in

the art. For many therapeutic applications, the route/mode of administration may be subcuta-

neous injection, intravenous injection or infusion. As will be appreciated by the skilled arti¬

san, the route and/or mode of administration will vary depending upon the desired results. In

certain embodiments, the active compound may be prepared with a carrier that will protect

the compound against rapid release, such as a controlled release formulation, including im¬

plants, transdermal patches, and microencapsulated delivery systems. Biodegradable, bio-

compatible polymers can be used, such as ethylene vinyl acetate, polyanhydrides, polyglyco-

lic acid, collagen, polyorthoesters, and polylactic acid. Many methods for the preparation of

such formulations are patented or generally known to those skilled in the art. See, e.g., Sus¬

tained and Controlled Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker,

Inc., New York, 1978.

In certain embodiments, an antibody of the invention may be orally administered, for exam¬

ple, with an inert diluent or an assimilable edible carrier. The antibody (and other ingredients,

if desired) may also be enclosed in a hard or soft shell gelatin capsule, compressed into tab-



lets, or incorporated directly into the subject's diet. For oral therapeutic administration, the

antibody may be incorporated with excipients and used in the form of ingestible tablets, buc¬

cal tablets, troches, capsules, elixirs, suspensions, syrups, wafers, and the like. To administer

an antibody of the invention by other than parenteral administration, it may be necessary to

coat the antibody with, or co-administer the antibody with, a material to prevent its inactiva-

tion.

Supplementary active compounds can also be incorporated into the compositions. In certain

embodiments, an antibody of the invention is coformulated with and/or coadministered with

one or more additional therapeutic agents that are useful for treating disorders or diseases

described herein. For example, an anti-AB(20-42) globulomer antibody of the invention may

be coformulated and or coadministered with one or more additional antibodies that bind other

targets (e.g., antibodies that bind other soluble antigens or that bind cell surface molecules).

Furthermore, one or more antibodies of the invention may be used in combination with two

or more of the foregoing therapeutic agents. Such combination therapies may advantageously

utilize lower dosages of the administered therapeutic agents, thus avoiding possible toxicities

or complications associated with the various monotherapies.

In certain embodiments, an antibody of the invention is linked to a half-life extending vehicle

known in the art. Such vehicles include, but are not limited to, the Fc domain, polyethylene

glycol, and dextran. Such vehicles are described, e.g., in U.S. Application Serial No.

09/428,082 and published PCT Application No. WO 99/25044, which are hereby incorpo¬

rated by reference for any purpose.

In a specific embodiment, nucleic acid sequences comprising nucleotide sequences encoding

an antibody of the invention are administered to treat, prevent, manage, or ameliorate a disor¬

der or one or more symptoms thereof by way of gene therapy. Gene therapy refers to therapy

performed by the administration to a subject of an expressed or expressible nucleic acid. In

this embodiment of the invention, the nucleic acids produce their encoded antibody of the

invention that mediates a prophylactic or therapeutic effect.

Any of the methods for gene therapy available in the art can be used according to the present

invention. For general reviews of the methods of gene therapy, see Goldspiel et al., 1993,



Clinical Pharmacy 12:488-505; Wu and Wu, 1991, Biotherapy 3:87-95; Tolstoshev, 1993,

Ann. Rev. Pharmacol. Toxicol. 32:573-596; Mulligan, Science 260:926- 932 (1993); and

Morgan and Anderson, 1993, Ann. Rev. Biochem. 62:191-217; May, 1993, TIBTECH

11(5):155-215. Methods commonly known in the art of recombinant DNA technology which

can be used are described in Ausubel et al. (eds.), Current Protocols in Molecular Biology,

John Wiley & Sons, NY (1993); and Kriegler, Gene Transfer and Expression, A Laboratory

Manual, Stockton Press, NY (1990). Detailed description of various methods of gene therapy

are disclosed in US200 50042664 A l which is incorporated herein by reference.

Antibodies of the invention can be used alone or in combination to treat diseases such as Alz¬

heimer' s disease, Down syndrome, dementia, Parkinson's disease, or any other disease or

condition associated with a build up of amyloid beta protein within the brain. The antibodies

of the present invention may be used to treat "conformational diseases". Such diseases arise

from secondary to tertiary structural changes within constituent proteins with subsequent ag-

gregation of the altered proteins (Hayden et al., JOP. J Pancreas 2005; 6(4):287-302). In par¬

ticular, the antibodies of the present invention may be used to treat one or more of the fol¬

lowing conformational diseases: Alpha 1-antitrypsin-deficiency, Cl-inhibitor deficiency an-

gioedema, Antithrombin deficiency thromboembolic disease, Kuru, Creutzfeld- Jacob dis-

ease/scrapie, Bovine spongiform encephalopathy, Gerstmann-Straussler-Scheinker disease,

Fatal familial insomnia, Huntington's disease, Spinocerebellar ataxia, Machado- Joseph atro¬

phy, Dentato-rubro-pallidoluysian atrophy, Frontotemporal dementia, Sickle cell anemia,

Unstable hemoglobin inclusion-body hemolysis, Drug-induced inclusion body hemolysis,

Parkinson's disease, Systemic AL amyloidosis, Nodular AL amyloidosis, Systemic AA

amyloidosis, Prostatic amyloidosis, Hemodialysis amyloidosis, Hereditary (Icelandic) cere-

bral angiopathy, Huntington's disease, Familial visceral amyloidosis, Familial visceral poly¬

neuropathy, Familial visceral amyloidosis, Senile systemic amyloidosis, Familial amyloid

neurophathy, Familial cardiac amyloidosis, Alzheimer's disease, Down syndrome, Medullary

carcinoma thyroid and Type 2 diabetes mellitus (T2DM) Preferably, the antibodies of the

present invention may be utilized to treat an amyloidosis, for example, Alzheimer's disease

and Down syndrome.

It should be understood that the antibodies of the invention can be used alone or in combina¬

tion with one or more additional agents, e.g., a therapeutic agent (for example, a small mole-



cule or biologic), said additional agent being selected by the skilled artisan for its intended

purpose. For example, the additional therapeutic agent can be a "cognitive enhancing drug,"

which is a drug that improves impaired human cognitive abilities of the brain (namely,

thinking, learning, and memory). Cognitive enhancing drugs work by altering the availability

of neurochemicals (e.g., neurotransmitters, enzymes, and hormones), by improving oxygen

supply, by stimulating nerve growth, or by inhibiting nerve damage. Examples of cognitive

enhancing drugs include a compound that increases the activity of acetylcholine such as, but

not limited to, an acetylcholine receptor agonist (e.g., a nicotinic a-7 receptor agonist or allo-

steric modulator, an α4β2 nicotinic receptor agonist or allosteric modulators), an acetylcho-

linesterase inhibitor (e.g., donepezil, rivastigmine, and galantamine), a butyrylcholinesterase

inhibitor, an N-methyl-D-aspartate (NMDA) receptor antagonist (e.g., memantine), an activ¬

ity-dependent neuroprotective protein (ADNP) agonist, a serotonin 5-HT1 A receptor agonist

(e.g., xaliproden), a 5-HT receptor agonist, a 5-HT6 receptor antagonist, a serotonin A re

ceptor antagonist, a histamine ¾ receptor antagonist, a calpain inhibitor, a vascular endothe-

al growth factor (VEGF) protein or agonist, a trophic growth factor, an anti-apoptotic com¬

pound, an AMPA-type glutamate receptor activator, a L-type or N-type calcium channel

blocker or modulator, a potassium channel blocker, a hypoxia inducible factor (HIF) activa¬

tor, a HIF prolyl 4-hydroxylase inhibitor, an anti-inflammatory agent, an inhibitor of amyloid

Αβ peptide or amyloid plaque, an inhibitor of tau hyperphosphorylation, a phosphodiesterase

5 inhibitor (e.g., tadalafil, sildenafil), a phosphodiesterase 4 inhibitor, a monoamine oxidase

inhibitor, or pharmaceutically acceptable salt thereof. Specific examples of such cognitive

enhancing drugs include, but are not limited to, cholinesterase inhibitors such as donepezil

(Aricept®), rivastigmine (Exelon®), galanthamine (Reminyl ®), N-methyl-D-aspartate antago¬

nists such as memantine (Namenda®) . At least one cognitive enhancing drug can be admin-

istered simultaneously with the antibodies of the present invention or sequentially with the

antibodies of the present invention (and in any order) including those agents currently recog¬

nized, or in the future being recognized, as useful to treat the disease or condition being

treated by an antibody of the present invention). Additionally, it is believed that the combi¬

nations described herein may have additive or synergistic effects when used in the above-

described treatment. The additional agent also can be an agent that imparts a beneficial at¬

tribute to the therapeutic composition, e.g., an agent that affects the viscosity of the composi¬

tion.



It should further be understood that the combinations which are to be included within this

invention are those combinations useful for their intended purpose. The agents set forth above

are illustrative for purposes and not intended to be limited. The combinations, which are part

of this invention, can comprise an antibody of the present invention and at least one addi-

tional agent selected from the lists below. The combination can also include more than one

additional agent, e.g. , two or three additional agents if the combination is such that the

formed composition can perform its intended function.

The pharmaceutical compositions of the invention may include a "therapeutically effective

amount" or a "prophylactically effective amount" of an antibody of the invention. A "thera¬

peutically effective amount" refers to an amount effective, at dosages and for periods of time

necessary, to achieve the desired therapeutic result. A therapeutically effective amount of the

antibody may be determined by a person skilled in the art and may vary according to factors

such as the disease state, age, sex, and weight of the individual, and the ability of the anti-

body to elicit a desired response in the individual. A therapeutically effective amount is also

one in which any toxic or detrimental effects of the antibody are outweighed by the therapeu¬

tically beneficial effects. A "prophylactically effective amount" refers to an amount effective,

at dosages and for periods of time necessary, to achieve the desired prophylactic result. Typi¬

cally, since a prophylactic dose is used in subjects prior to or at an earlier stage of disease, the

prophylactically effective amount will be less than the therapeutically effective amount.

Dosage regimens may be adjusted to provide the optimum desired response (e.g., a therapeu¬

tic or prophylactic response). For example, a single bolus may be administered, several di¬

vided doses may be administered over time or the dose may be proportionally reduced or

increased as indicated by the exigencies of the therapeutic situation. It is especially advanta¬

geous to formulate parenteral compositions in dosage unit form for ease of administration and

uniformity of dosage. Dosage unit form as used herein refers to physically discrete units

suited as unitary dosages for the mammalian subjects to be treated; each unit containing a

predetermined quantity of active compound calculated to produce the desired therapeutic

effect in association with the required pharmaceutical carrier. The specification for the dos¬

age unit forms of the invention are dictated by and directly dependent on (a) the unique char¬

acteristics of the active compound and the particular therapeutic or prophylactic effect to be



achieved, and (b) the limitations inherent in the art of compounding such an active compound

for the treatment of sensitivity in individuals.

An exemplary, non-limiting range for a therapeutically or prophylactically effective amount

of an antibody of the invention is 0.1-20 mg/kg, for example 1-10 mg/kg. It is to be noted that

dosage values may vary with the type and severity of the condition to be alleviated. It is to be

further understood that for any particular subject, specific dosage regimens should be ad¬

justed over time according to the individual need and the professional judgment of the person

administering or supervising the administration of the compositions, and that dosage ranges

set forth herein are exemplary only and are not intended to limit the scope or practice of the

claimed composition.

It will be readily apparent to those skilled in the art that other suitable modifications and ad¬

aptations of the methods of the invention described herein are obvious and may be made us-

ing suitable equivalents without departing from the scope of the invention or the embodi¬

ments disclosed herein. Having now described the present invention in detail, the same will

be more clearly understood by reference to the following examples, which are included for

purposes of illustration only and are not intended to be limiting of the invention.

EXAMPLES

EXAMPLE 1: PREPARATION OF GLOBULOMERS

a) AJ3(l-42) globulomer:

The Αβ(1-42) synthetic peptide (H-1368, Bachem, Bubendorf, Switzerland) was suspended

in 100% l,l,l,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 Αβ peptide. HFIP was

removed by evaporation in a SpeedVac and Αβ(1-42) resuspended at a concentration of

5 mM in dimethylsulfoxide and sonicated for 20 s. The HFIP-pre-treated Afl(l-42) was di¬

luted in phosphate-buffered saline (PBS) (20 mM NaH2P0 4, 140 mM NaCl, pH 7.4) to

400 µΜ and 1/10 volume 2% sodium dodecyl sulfate (SDS) (in H 0 ) added (final concentra¬

tion of 0.2% SDS). An incubation for 6 h at 37°C resulted in the 16/20-kDa AB(l-42) globu-



lomer (short form for globular oligomer) intermediate. The 38/48-kDa AB(l-42) globulomer

was generated by a further dilution with three volumes of H20 and incubation for 18 h at

37°C. After centrifugation at 3000 g for 20 min the sample was concentrated by ultrafiltration

(30-kDa cut-off), dialysed against 5 mM NaH2P0 , 35mM NaCl, pH 7.4, centrifuged at

10,000 g for 10 min and the supernatant comprising the 38/48-kDa Afi(l-42) globulomer

withdrawn. As an alternative to dialysis the 38/48-kDa AB(l-42) globulomer could also be

precipitated by a ninefold excess (v/v) of ice-cold methanol/acetic acid solution (33% metha¬

nol, 4% acetic acid) for 1 h at 4°C. The 38/48-kDa AB(l-42) globulomer is then pelleted (10

min at 16200 g), resuspended in 5 mM NaH2P04, 35 mM NaCl, pH 7.4, and the pH adjusted

to 7.4.

b) AB(20-42) globulomer:

1.59 ml of AJ3(l-42) globulomer preparation prepared according to Example l a were ad¬

mixed with 38 ml of buffer (50 mM MES/NaOH, pH 7.4) and 200 µΐ of a 1 mg/ml thermoly-

sin solution (Roche) in water. The reaction mixture was stirred at RT for 20 h. Then, 80 µΐ of

a 100 mM EDTA solution, pH 7.4, in water were added and the mixture was furthermore

adjusted to an SDS content of 0.01% with 400 µΐ of a 1% strength SDS solution. The reaction

mixture was concentrated to approximately 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 1of buffer (5 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 solution in water. The sample was centrifuged

at 10,000 g for 10 min and the Αβ(20-42) globulomer supernatant was withdrawn.

c) A ( 12-42) globulomer:

2 ml of an AB(l-42) globulomer preparation prepared according to Example a were admixed

with 38 ml buffer (5 mM sodium phosphate, 35 mM sodium chloride, pH 7.4) and 150 µΐ of a

1 mg/ml GluC endoproteinase (Roche) in water. The reaction mixture was stirred for 6 h at

RT, and a further 150 µ of a 1 mg/ml GluC endoproteinase (Roche) in water were subse-

quently added. The reaction mixture was stirred at RT for another 16 h, followed by addition

of 8 µΐ of a 5 M DIFP solution. The reaction mixture was concentrated to approximately 1 ml

via a 15 ml 30 kDa Centriprep tube. The concentrate was admixed 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 1of buffer (5 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 1%

strength SDS solution in water. The sample was centrifuged at 10,000 g for 10 min and the

A (12-42) globulomer supernatant was withdrawn.

d) Cross-linked Afl(l-42) globulomer:

The Afi(l-42) synthetic peptide (H-1368, Bachem, Bubendorf, Switzerland) was suspeneded

in 100% l,l,l,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 was used to eliminate pre-existing structural inhomogeneities in the AJ3 peptide. HFIP

was removed by evaporation by a SpeedVac and Afi(12-42) globulomer AJ3(l-42) resus-

pended at a concentration of 5 mM in dimethylsulfoxide and sonicated for 20 s. The HFIP-

pre-treated AJ3(l-42) was diluted in PBS (20 mM NaH2P0 4, 140 mM NaCl, pH 7.4) to

400 µΜ and 1/10 vol. 2% SDS (in water) added (final cone. Of 0.2% SDS). An incubation

for 6 h at 37°C resulted in the 16/20-kDa AB(l-42) globulomer (short form for globulomer

oligomer) intermediate. The 38/48-kDa AB(l-42) globulomer was generated by a further di¬

lution with 3 volumes of water and incubation for 18 h at 37°C. Cross-linking of the

38/48-kDa AJ3(l-42) globulomer was now performed by incubation with 1 mM glutaralde-

hyde for 2 h at 21°C room temperature followed by ethanolamine (5 mM) treatment for

30 min at room temperature.

EXAMPLE 2: GENERATION AND ISOLATION OF HUMANIZED ANTI-AB(20-42)

GLOBULOMER 4C9 ANTIBODIES

EXAMPLE 2.1: SELECTION OF HUMAN ANTIBODY FRAMEWORKS

Selection of human antibody frameworks was based on similarity of canonical structures and

amino acid sequence homology of human antibodies. Further, the retention of amino acid

residues which support loop structures and VH/VL interface as well as the retention of amino

acid residues of the Vernier zone was taken into account when identifying suitable acceptor

VL and VH framework sequences based on amino acid sequence homology of human VH

and VK germline sequences. Moreover, immunogenicity of VH and VL sequences resulting

from grafting 4C9 or 10B3 CDRs into potentially suitable acceptor VL and VH framework



sequences was evaluated in silico based on the predicted affinity of overlapping peptides to a

variety of HC class I and/or MHC class II alleles. VH and VL were adapted to the consen¬

sus of the respective VH or VL family to further minimize potential immunogenicity. Se¬

lected backmutations to murine amino acid residues were performed to retain amino acids

which support loop structures and VH/VL interface. The frequencies of these backmutations

in corresponding pools of naturally occuring human VH or VL sequences having the respec¬

tive VH or VL germline gene were determined by amino acid sequence alignments. The VH

and VL sequences resulting from the considerations described above were checked for po¬

tential N-linked glycosylation sites (NXS or NXT, wherein X is any amino acid except P).

EXAMPLE 2.2: HUMANIZATION OF MURINE ANTI-AB(20-42) GLOBULOMER AN¬

TIBODY

4C9hum_VH.lz (SEQ ID NO:6): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH1-69 and JH4 sequences.

4C9hum_VH.l (SEQ ID NO:7): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH 1-69 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation, and consensus changes S16A, G27Y and S30T.

4C9hum_VH.la (SEQ ID NO:8): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH1-69 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation, consensus changes S16A, G27Y and S30T, und frame¬

work backmutations M48I, V68A, I70L, A72V, A97T and R98T.

4C9hum_VH.lb (SEQ ID NO:9): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH1-69 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation, consensus changes S16A, G27Y and S30T, und frame¬

work backmutations A72V and R98T.



4C9hum_VH.2z (SEQ ID NO: 10): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH7-4.1 and JH4 sequences.

4C9hum_VH.2 (SEQ ID NO:l 1): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH7-4.1 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation.

4C9hum_VH.2a (SEQ ID NO: 12): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH7-4.1 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation, and framework backmutations M48I, F68A, F70L, L72V,

T74K, A97T and R98T.

4C9hum_VH.2b (SEQ ID NO: 13): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human VH7-4.1 and JH4 sequences comprising a Q1E change to prevent N-

terminal pyroglutamate formation, and framework backmutations L72V and R98T.

4C9hum_VL.lz (SEQ ID NO: 14): The light chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human 1-16/Ll and Jk2 sequences.

4C9hum_VL.l (SEQ ID NO: 15): The light chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human 1-16/Ll and Jk2 sequences comprising consensus change S46L.

4C9hum_VL. 1a (SEQ ID NO: 16): The light chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody m4C9 described in Table 3a were grafted into an acceptor

framework of human 1-16/Ll and Jk2 sequences comprising framework backmutations L46T

and F71Y.



10B3hum_VH.l (SEQ ID NO:29): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody mlOB3 described in Table 3b were grafted into an acceptor

framework of human VH3-48 and JH4 sequences.

10B3hum_VH.la (SEQ ID NO:30): The heavy chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody mlOB3 described in Table 3b were grafted into an acceptor

framework of human VH3-48 and JH4 sequences comprising framework backmutation

S49A.

10B3hum_VL.l (SEQ ID NO:31): The light chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody ml0B3 described in Table 3b were grafted into an acceptor

framework of human 4-1/B3 and Jk4 sequences.

10B3hum_VL.la (SEQ ID NO:32): The light chain CDR sequences from the murine anti-

Αβ(20-42) globulomer antibody mlOB3 described in Table 3b were grafted into an acceptor

framework of human 4-1/B3 and Jk4 sequences comprising framework backmutation P49S.

Some of said VH and VL back-mutations, consensus changes or the Q1E mutation may be

removed during a subsequent affinity maturation.

EXAMPLE 2.3: CONSTRUCTION OF HUMANIZED ANTIBODIES

In silico constructed humanized antibodies described above will be constructed de novo using

oligonucleotides. For each variable region cDNA, 6 oligonucleotides of 60-80 nucleotides

each will be designed to overlap each other by 20 nucleotides at the 5' and/or 3' end of each

oligonucleotide. In an annealing reaction, all 6 oligos will be combined, boiled, and annealed

in the presence of dNTPs. Then DNA polymerase I, Large (Klenow) fragment (New England

Biolabs #M0210, Beverley, MA.) will be added to fill-in the approximately 40 bp gaps be-

tween the overlapping oligonucleotides. PCR will then be performed to amplify the entire

variable region gene using two outermost primers containing overhanging sequences com¬

plementary to the multiple cloning site in a modified pBOS vector (Mizushima, S. and Na-

gata, S., (1990) Nucleic acids Research Vol 18, No. 17)). The PCR products derived from



each cDNA assembly will be separated on an agarose gel and the band corresponding to the

predicted variable region cDNA size will be excised and purified. The variable heavy region

will be inserted in-frame onto a cDNA fragment encoding the human IgGl constant region

containing 2 hinge-region amino acid mutations by homologous recombination in bacteria.

These mutations are a leucine to alanine change at position 234 (EU numbering) and a leu¬

cine to alanine change at position 235 (Lund et al., 1991, J. Immunol., 147:2657). The vari¬

able light chain region will be inserted in-frame with the human kappa constant region by

homologous recombination. Bacterial colonies will be isolated and plasmid DNA extracted;

cDNA inserts will be sequenced in their entirety. Correct humanized heavy and light chains

corresponding to each antibody will be co-transfected into COS cells to transiently produce

full-length humanized anti-Αβ globulomer antibodies. Cell supematants containing recombi¬

nant chimeric antibody will be purified by Protein A Sepharose chromatography and bound

antibody will be eluted by addition of acid buffer. Antibodies will be neutralized and dialyzed

into PBS. (Dieder Moechars et a J Biol Chem 274:6483 - 6492 (1999); Ausubel, F.M. et al.

eds., Short Protocols In Molecular Biology (4th Ed. 1999) John Wiley & Sons, NY. (ISBN 0-

471-32938-X); Lu and Weiner eds., Cloning and Expression Vectors for Gene Function

Analysis (2001) BioTechniques Press. Westborough, MA. 298 pp. (ISBN 1-88 1299-2 1-X);

Kontermann and Dubel eds., Antibody Engineering (2001) Springer- Verlag. New York. 790

pp. (ISBN 3-540-41354-5); Old, R.W. & S.B. Primrose, Principles of Gene Manipulation: An

Introduction To Genetic Engineering (3d Ed. 1985) Blackwell Scientific Publications, Bos¬

ton. Studies in Microbiology; V.2:409 pp. (ISBN 0-632-01318-4); Sambrook, J . et al. eds.,

Molecular Cloning: A Laboratory Manual (2d Ed. 1989) Cold Spring Harbor Laboratory

Press, NY. Vols. 1-3. (ISBN 0-87969-309-6); Winnacker, E.L. From Genes To Clones: In¬

troduction To Gene Technology (1987) VCH Publishers, NY (translated by Horst Ibelgaufts).

634 pp. (ISBN 0-89573-614-4); all of which are incorporated by reference in their entirety).

Although a number of embodiments and features have been described above, it will be under¬

stood by those skilled in the art that modifications and variations of the described embodi¬

ments and features may be made without departing from the present disclosure or the inven-

tion as defined in the appended claims.

i
EXAMPLE 3: ANALYSIS OF ANTIBODY SELECTIVITY VIA DOT BLOT



In order to characterize the selectivity of monoclonal anti Αβ(20-42) globulomer antibodies,

they were tested for binding to different Αβ-forms. To this end, serial dilutions of the indi¬

vidual Αβ(1-42) forms ranging from 100 pmol/ µΐ to 0.00001 pmol/ µΐ in PBS supplemented

with 0.2 mg/ml BSA were prepared. 1 µΐ of each dilution was blotted onto a nitrocellulose

membrane. Detection was performed by incubating with the corresponding antibody (0.2

µg/ml) followed by immunostaining using Peroxidase conjugated anti-mouse-IgG and the

staining reagent BM Blue POD Substrate (Roche).

Αβ-standards for dot-blot:

1. Αβ(1-42) monomer, 0.1% NH OH

1 mg Αβ(1-42) (Bachem Inc., cat. no. H-1368) was dissolved in 0.5 ml 0.1% NH4OH in H20

(freshly prepared) (= 2 mg ml) and immediately shaken for 30 sec at room temperature to

obtain a clear solution. The sample was stored at -20°C until use.

2. Αβ(1-40) monomer, 0.1% N H4OH

1 mg Αβ(1-40) (Bachem Inc., cat. no. H-1368) was dissolved in 0.5 ml 0.1% NH4OH in H20

(freshly prepared) (= 2 mg/ml) and immediately shaken for 30 sec. at room temperature to

obtain a clear solution. The sample was stored at -20°C until use.

3. Αβ(1-42) monomer, 0.1% NaOH

2.5 mg Αβ(1-42) (Bachem Inc., cat. no. H-1368) was dissolved in 0.5 ml 0.1% NaOH in H20

(freshly prepared) ( = 5 mg/ml) and immediately shaken for 30 sec. at room temperature to

obtain a clear solution. The sample was stored at -20°C until use.

4. Αβ(1-40) monomer, 0.1% NaOH

2.5 mg Αβ(1-40) (Bachem Inc., cat. no. H-1368) was dissolved in 0.5 ml 0.1% NaOH in H20

(freshly prepared) (= 5 mg/ml) and immediately shaken for 30 sec. at room temperature to

obtain a clear solution. The sample was stored at -20°C until use.

5. Αβ(1-42) globulomer

Αβ(1-42) globulomer was prepared as described in Example l (buffer exchange by dialysis).

6. Αβ(12-42) globulomer



Αβ(12-42) globulomer was prepared as described in Example lc.

7 . Αβ(20-42) globulomer

Αβ(20-42) globulomer was prepared as described in Example lb.

8. Αβ(1-42) fibrils

1 mg Αβ(1-42) (Bachem Inc. cat. no.: H-1368) was dissolved in 500 µΐ aqueous 0.1%

NH4OH (Eppendorf tube) and stirred for lmin at room temperature. 100 µΐ of this freshly

prepared Αβ(1-42) solution were neutralized with 300 µΐ 20 raM NaH 2P0 ; 140 mM NaCl,

pH 7.4. The pH was adjusted to pH 7.4 with 1% HCl. The sample was incubated for 24 h at

37°C and centrifuged (10 min at lOOOOg). The supernatant was discarded and the fibril pellet

resuspended with 400 µΐ 20 mM NaH 2P0 140 mM NaCl, pH 7.4 by vortexing for lmin.

9. sAPPa

Supplied by Sigma (cat. no. S9564; 25 g in 20 mM NaH 2P0 4; 140 mM NaCl; pH 7.4). The

sAPPa was diluted to 0.1 mg/ml ( = lpmol/ µΐ) with 20 mM NaH 2P0 4, 140 mM NaCl, pH

7.4, 0.2 mg ml BSA.

Materials for dot blot:

Serial dilution of Αβ-standards (see above 1. to 9.) in 20 mM NaH 2P0 , 0 mM NaCl, pH

7.4 + 0.2 mg/ml BSA to obtain concentrations of: 100 pmol/ µΐ , 10 pmol/ µΐ , 1 pmol/ µ , 0.1

pmol/ µΐ , 0.01 pmol/ µΐ , 0.001 pmol/ µΐ , 0.0001 pmol/ µΐ , and 0.00001 pmol/ µΐ .

Nitrocellulose: Trans-Blot Transfer medium, Pure Nitrocellulose Membrane (0.45 µπ ); 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 / HCl buffer pH 7.5 + 150 mM NaCl

TTBS: 25 mM Tris / HCl - buffer pH 7.5 + 150 mM NaCl + 0.05% Tween 20



PBS + 0.2 mg ml BSA: 20 mM NaH2P04 buffer pH 7.4 + 140 mM NaCl + 0.2 mg m

BSA

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

Antibodies:

- Anti-Αβ monoclonal antibody clone 6E10; con : lmg/ml; cat. no.: SIG-39320 (Co-

vance); stored at -80 °C

- Anti-Αβ monoclonal antibody clone m4C9; 1.66 mg ml OD 280 nm; stored at -80°C

- Anti-Αβ monoclonal antibody clone ml0B3; 1.66 mg/ml OD 280 nm; stored at -80°C

Antibody solution II: :5000 dilution of Anti-Mouse-POD in 1% low fat milk in TBS

Dot blot procedure:

1) 1 µΐ of each of the 8 concentrations of the different Αβ-standards (obtained by serial dilu-

tion) was dotted onto the nitrocellulose membrane in a distance of approximately 1 cm

from each other.

2) The dots of Αβ-standards were allowed to dry on the nitrocellulose membrane on air for

at least 10 min at room temperature (RT) (= dot blot)

3) Blocking:

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

4) Washing:

The blocking solution was discarded and the dot blot was incubated under shaking with

20 ml TTBS for 10 min at RT.

5) Antibody solution I :

The washing buffer was discarded and the dot blot was incubated with antibody solution I

for 2 h at RT

6) Washing:

The antibody solution I was discarded and the dot blot was incubated under shaking with

20 ml TTBS for 10 min at RT. The washing solution was discarded and the dot blot was

incubated under shaking with 20 ml TTBS for 10 min at RT. The washing solution was

discarded and the dot blot was incubated under shaking with 20 ml TBS for 10 min at RT.

7) Antibody solution II:



The washing buffer was discarded and the dot blot was incubated with antibody solu¬

tion II for l h at RT

8) Washing:

The antibody solution II was discarded and the dot blot was incubated under shaking with

20 ml TTBS for 10 min at RT. The washing solution was discarded and the dot blot was

incubated under shaking with 20 ml TTBS for 0 min at RT. The washing solution was

discarded and the dot blot was incubated under shaking with 20 ml TBS for 10 min at RT.

9) Development:

The washing solution was discarded. The dot blot was developed with 10 ml BM Blue

POD Substrate for 0 min. The development was stopped by intense washing of the dot

blot with ¾0. Quantitative evaluation was done based on a densitometric analysis

(GS800 densitometer (BioRad) and software package Quantity one, Version 4.5.0 (Bio-

Rad)) of the dot intensity. Only dots were evaluated that had a relative density of greater

than 20% of the relative density of the last optically unambiguously identified dot of the

Αβ(20-42) globulomer. This threshold value was determined for every dot blot independ¬

ently. The calculated value indicates the relation between recognition of Αβ(20-42)

globulomer and the respective Αβ form for the given antibody.

Dot blot analysis was performed with different murine monoclonal anti-Αβ antibodies

(m6E10, ml0B3 and m4C9). ml0B3 and m4C9 were obtained by active immunization of

mice with Αβ(20-42) globulomer, followed by selection of the fused hybridoma cells. The

individual Αβ forms were applied in serial dilutions and incubated with the respective anti¬

bodies for immune reaction ( 1 = Αβ(1-42) monomer, 0.1% NH4OH; 2 = Αβ(1-40) monomer,

0.1% NH4OH; 3 = Αβ(1-42) monomer, 0.1%NaOH; 4 = Αβ(1-40) monomer, 0.1% NaOH; 5

= Αβ(1-42) globulomer; 6 = Αβ(12-42) globulomer; 7 = Αβ(20-42) globulomer; 8 = Αβ(1-42)

fibril preparation; 9 = sAPPa (Sigma); (first dot: lpmol)). Results are shown in Figure 30 and

Table 6.

TABLE 6 : DOT BLOT QUANTIFICATION DATA

ANTIBODY
ANTIGEN

mlOB3 m4C9 m6E10
Αβ(1-42) monomer in 0.1% NH4OH >100000 36000 10
Αβ(1-40) monomer in 0.1% NH4OH 110500 27300 3
Αβ(1-42) monomer in 0.1% NaOH > 100000 39500 10
Αβ(1-40) monomer in 0.1% NaOH > 100000 110000 20



AP(l-42) globulomer 57000 30000 0.09
A (12-42) globulomer 41000 60000 6
Αβ(20-42) globulomer 1 1 1
Αβ( -42) fibril >100000 32600 29
sAPPa >1000 >1000 0.2

EXAMPLE 4: DETERMINATION OF PLATELET FACTOR 4 CROSS REACTION

EXAMPLE 4.1 : DETERMINATION OF CROSS REACTION WITH PLATELET FACTOR

4 IN CYNOMOLGUS MONKEY PLASMA VIA SANDWICH-ELISA

Reagent List:

F96 Cert. Maxisorp NUNC-Immuno Plate Cat. No.: 439454

Binding antibodies:

- Anti-HPF4 monoclonal antibody; 4.2 mg ml OD 280 nm; Abeam Cat. No. ab49735;

stored at -30°C (used as a positive control)

- Anti-Αβ monoclonal antibody clone mlG5; 1.70 mg/ml OD 280 nm; stored at -80°C

- Anti-Αβ monoclonal antibody clone m4C9; 1.66 mg ml OD 280 nm; stored at -80°C

- Anti-Αβ monoclonal antibody clone ml0B3; 1.66 mg/ml OD 280 nm; stored at -80°C

- Monoclonal antibody clone mIgG2a; 7.89 mg/ml OD 280 nm; stored at -80°C (used as a

negative control)

Coating buffer: 100 mM sodium hydrogen carbonate; pH 9.6

Blocking reagent for ELISA; Roche Diagnostics GmbH Cat. No.: 1112589

PBST buffer: 20 mM NaH2P0 ; 140 mM NaCl; 0.05% Tween 20; pH 7.4

PBST + 0.5% BSA buffer: 20 mM NaH2P0 4; 140 mM NaCl; 0.05% Tween 20; pH 7.4 +

0.5% BSA; Serva Cat. No. 11926

Cynomolgus plasma: Cynomolgus EDTA plasma pool from 13 different donors; stored at -

30°C

Trypsin inhibitor: Sigma Cat. No.T7902

Primary antibody: pRAb-HPF4; 0.5mg/ml; Abeam Cat. No.ab9561

Label reagent: anti-rabbit-POD conjugate; Jackson ImmunoResearch Ltd. Cat. No.: 1 1-036-

045

Staining Solution: 42 mM TMB (Roche Diagnostics GmbH Cat. No.: 92817060) in DMSO;

3% H20 2 in water; 100 mM sodium acetate, pH 4.9



Stop solution: 2 M sulfonic acid

Method used in preparation of reagents:

Binding antibody:

The binding antibodies were diluted to l(^g/ml in coating buffer.

Blocking solution:

Blocking reagent was dissolved in 100 ml water to prepare the blocking stock solution and

aliquots of 10 ml were stored at -20°C. 3ml blocking stock solution was diluted with 27 ml

water for each plate to block.

Preparation of cynomolgus (Macaca fascicularis) plasma stock solution:

2 ml Cynomolgus plasma pool were centrifuged for 10 min at 10,000 g. 1.58 ml of the super¬

natant was removed and diluted with 3.42 ml PBST + 0.5% BSA buffer (= 1:3.16 dilution).

Then 50 µΐ 10 mg/ml trypsin inhibitor in ¾ 0 were added. After incubation for 10 min at

room temperature the sample was filtrated through a 0.22 µπ filter (Millipore Cat. No.

SLGS0250S).

Dilution series of cynomolgus plasma stock solution:

Volume of Volume of Final dilution of cy¬

No cynomolgus plasma dilution PBST + 0.5% BSA buffer nomolgus plasma

1 250µ1stock solution 0 ml 1:3.16

2 79µ1(1) 171 µ1 1:10

3 79µ1(2) 171 µ1 1:31.6

4 79µ1(3) 171 µ1 1:100

5 79µ1(4) 171 µ1 1:316

6 79µ1(5) 171 µ1 1:1000

7 79µ1(6) 171 µ1 1:3160

8 0 µΐ 250 µΐ buffer c

Primary antibody solution:

The primary antibody was diluted to 1µg/ml in PBST + 0.5% BSA buffer. The dilution factor

was :500. The antibody solution was used immediately.



Label Reagent:

Anti-rabbit-POD conjugate lyophilizate was reconstituted in 0.5 ml water. 500 µΐ glycerol

was added and aliquots of 100 µΐ were stored at -20°C for further use. The concentrated label

reagent was diluted in PBST buffer. The dilution factor was 1:10000. The reagent was used

immediately.

TMB solution:

20 ml 100 mM of sodium acetate, pH 4.9, was mixed with 200 µ of the TMB stock solution

and 29.5 µ 3% peroxide solution. The solution was used immediately.

Standard Plate Setup. Dilutions of cynomolgus plasma. Note that each sample was run in

duplicate.

Procedure used:

1. 100 µΐ binding antibody solution per well were applied and incubated overnight at 4°C.

2. The antibody solution was discarded and the wells were washed three times with 250 µ

PBST buffer.

3. 265 µ blocking solution per well were added and incubated 1.5 h at room temperature.

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

PBST buffer.

5. After preparation of the cynomolgus plasma dilution series, 100 µΐ per well of these dilu¬

tions were applied to the plate. The plate was incubated 2 h at room temperature.

6. The cynomolgus plasma dilutions were discarded and the wells were washed three times

with 250 µΐ PBST buffer.



7. ΙΟΟµΙ of primary antibody solution per well were added and incubated 1 h at room tem¬

perature.

8. The primary antibody solution was discarded and the wells were washed three times with

250 µ ΐ PBST buffer.

9. 200 µ ΐ label solution per well were added and incubated 1 h at room temperature.

10. The label solution was discarded and the wells were washed three times with 250 µ ΐ

PBST buffer.

11. ΙΟΟµΙ of TMB solution were added to each well.

12. Plate colour was monitored during development (5 - 15 min at ambient temperature) and

the reaction was terminated by adding 50 µ /well of stop solution when an appropriate

colour had developed.

13. The absorbance was read at 450 nm.

Data analysis:

Plasma dilution factors (X-values) were log-transformed using the equation: X=log(X). Data

were plotted using the log-transformed X-values on the X-axis expressed as dilution of

plasma (1:X). The OD4sonm value of the respective PBST blank in row H was subtracted from

the values of the plasma dilution series of each column in row A - G. The resulting back¬

ground corrected OD450nm values were plotted on the Y-axis. The dilution effect curves were

calculated from these data points by curve fitting using a non-linear regression "four pa¬

rameter 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 per¬

formed 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

D 0 m values in the measured range (final plasma dilutions from 1:3-16 to 1:3 160). The

following calculation settings were used within the Data analysis software package Graph¬

PadPrism (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 minimum to

maximum Y.

- Peak direction: By definition, all peaks must go above the baseline



For each individual antibody a PF4 discrimination factor was calculated using the commer¬

cially available anti-HPF4 antibody (Abeam 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 are shown in Figure 3 1A and Table 7.

EXAMPLE 4.2: DETERMINATION OF CROSS REACTION WITH PLATELET FACTOR

4 IN HUMAN PLASMA VIA SANDWICH-ELISA

The same reagents and procedures for reagent preparation were used as for Example 4.1 ex¬

cept from:

Human plasma (Human EDTA plasma pool from 4 different donors; stored at -30°C) spiked

with human PF4 (7.3 mg ml; Molecular Innovation Cat. No. HPF4; stored at -30°C) was used

instead of cynomolgus plasma. HPF4-spiked human plasma stock solution was prepared as

follows.

A) Preparation of human plasma dilution:

2 ml human plasma pool were centrifuged for 0 min at 10000 g . 1.58 ml of the supernatant

was removed and diluted with 3.42 ml PBST + 0.5 % BSA (= 1:3.16 dilution). Then 50µ1

10 mg ml trypsin inhibitor in ¾ 0 were added. After incubation for 10 min at room tempera¬

ture the sample was filtrated through a 0.22 µηι filter (Millipore Cat. No. SLGS0250S).

B) Preparation of HPF4 stock solution:

1 µΐ HPF4 was added to 99 µΐ PBST + 0.5% BSA buffer = 73 µg/ml.

C) Preparation of human plasma stock solution spiked with 10 ng/ml HPF4:

0.69 µ of 73 µg/ml HPF4 stock solution were added to 5 ml 1:3.16 diluted human plasma

resulting in lOng/ml HPF4 spiking of the human plasma stock dilution.



The preparation of a dilution series, the standard plate setup, the experimental procedure and

the data analysis for sandwich ELISA with HPF4-spiked human plasma were analogous to

those described for sandwich ELISA with cynomolgus plasma in Example 4.1.

Results are shown in Figure 3IB and Table 7.

TABLE 7: AUC (OR TOTAL PEAK AREA) CALCULATED FROM LOG-

TRANSFORMED DATA DEPICTED IN FIGURES 3 1A AND 3 IB

Positive Negative

control mAb mAb mAb control

anti-HPF4 mlG5 4C9 10B3 mIgG2a

Cynomolgus Area Under Curve 2.681 0.861 0.067 0.103 0.005

plasma
Ratio

(data from Fig¬ 1 3 40 26 517
HPF4 / aAp antibody

ure 3 1A)

Human plasma Area Under Curve 2 1.986 0.31 1 0.047 0.079 0.006

(data from Fig¬ Ratio
1 6 43 25 331

ure 31B) HPF4 / aAp antibody

1G5 is a murine monoclonal antibody having a binding affinity to the Αβ(20-42) globulo-

mer that is greater than the binding affinity of the antibody to both the Αβ(1-42) globulomer,

as described in WO 07/062852 A2

2 Area under curve was calculated as described in example 4.1.

EXAMPLE 4.3: DETERMINATION OF CROSS REACTION WITH PLATELET FACTOR

4 IN CYNOMOLUS MONKEY PLASMA VIA ALIGNED SANDWICH-ELISA

The reagents described in Example 4.1 and aligning antibody anti-mouse IgG (Fc specific;

produced in goat; Sigma Cat. No.: M3534; 2.3 mg/ml; stored at -20°C) were used.

Methods used in preparation of reagents:

Blocking solution, primary antibody and TMB solution were prepared as described in Exam¬

ple 4.1.



The aligning antibody was diluted to 50 µg /ml in coating buffer.

Each binding antibody was diluted with PBST + 0.5% BSA buffer to 10 µg/ml (stock solu-

tion), and dilution series were prepared as follows:

Volume of Volume of Final antibody
No

antibody dilution PBST + 0.5% BSA buffer concentration

1 250µ1stock solution 0 ml 10000 ng/ml

2 79µ1(1) 171 µ1 3160 ng/ml

3 79µ1(2) 171 µ1 1000 ng/ml

4 79µ1(3) 171 µ1 316 ng ml

5 79µ1(4) 171 µ1 100 ng/ml

6 79µ1(5) 171 µ1 31.6 ng/ml

7 79µ1(6) 171 µ1 10 ng/ml

8 Οµΐ 250 µΐ buffer only

Cynomolgus Plasma:

100 µ Cynomolgus plasma pool were centnfuged for 10 min at 10000 g . 316 µ of the super¬

natant was removed and diluted with 684 µΐ PBST + 0.5 % BSA (= 1:3.16 dilution). Then 10

µΐ 10 mg/ml trypsin inhibitor in H 0 were added. After incubation for 0 min at room tem¬

perature the sample was filtrated through a 0.22 µπ filter (Millipore cat. no. SLGS0250S).

Afterwards 500 µΐ of this 1:3.16 diluted plasma sample was again diluted 1:31.6 with 15.3 ml

PBST + 0.5 % BSA buffer resulting in a total dilution of 1:100.

Label reagent:

Anti-rabbit-POD conjugate lyophilized was reconstituted in 0.5 ml water. 500µ1glycerol was

added and aliquots of 100 µΐ were stored at -20 °C for further use. The concentrated label

reagent was diluted in PBST buffer. The dilution factor was 1:5000. The reagent was used

immediately.

Binding Antibody Plate Setup. Dilutions of binding antibodies. Note that each concentration

of each binding antibody was run in duplicate.

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



Procedure used:

. ΙΟΟµΙ aligning antibody solution per well were applied and incubated overnight at 4°C.

2. The antibody solution was discarded and the wells were washed three times with 250 µ1

PBST-buffer.

3. 265 blocking solution per well were added and incubated 2 h at room temperature.

4. The blocking solution was discarded and the wells were washed three times with 250 µ1

PBST buffer.

5. After preparation of the dilution series of each binding antibody, 100 µ ΐ per well of these

antibody dilutions were applied to the plate. The plate was incubated 2 h at room tem¬

perature.

6. The antibody solutions were discarded and the wells were washed three times with 250 µ ΐ

PBST buffer.

7. ΙΟΟµΙ 1:100 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 250µ1

PBST buffer.

9. ΙΟΟµΙ primary antibody solution per well were added and incubated 1 h at room tem¬

perature.

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

250µ1PBST buffer.

11. 200 µ 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 250 µ1PBST

buffer.

13. ΙΟΟµΙ of TMB solution were added to each well.



14. Plate colour was monitored during development (5 - 15 min at ambient temperature) and

the reaction was terminated by adding 50 µΐ/well of stop solution when an appropriate

colour had developed.

15. The absorbance was read at 450 nm.

Data analysis was performed as described for sandwich-ELISA with cynomolgus plasma in

Example 4.1, except that not plasma dilution factors but the amounts of antibody (expressed

in ng/ml) were used as X-values and thus concentration effect curves were calculated. Ac¬

cordingly, area under curve was determined based on non-curve fitted data, the log-

transformed X-values and the OD450nm values in the measured range (final antibody con¬

centrations from 0 ng ml to 10000 ng/ml).

Results are shown in Figure 32A and Table 8.

EXAMPLE 4.4: DETERMINATION OF CROSS REACTION WITH PLATELET FACTOR

4 IN HUMAN PLASMA VIA ALIGNED SANDWICH-ELISA

The same reagents and procedures for reagent preparation were used as for Example 4.3 ex¬

cept from:

The aligning antibody was diluted to 50 µg /ml in coating buffer.

Human plasma (Human EDTA plasma pool from 4 different donors; stored at -30°C) spiked

with human PF4 (7.3 mg/ml; Molecular Innovation Cat. No. HPF4; stored at -30°C) was used

instead of cynomolgus plasma. HPF4-spiked human plasma stock solution was prepared as

follows.

A) Preparation of human plasma dilution:

4 ml human plasma pool were centrifuged for 0 min at 10000 g. 3.16 ml of the supernatant

was removed and diluted with 6.84 ml PBST + 0.5 % BSA (= 1:3.16 dilution). Then 100 µΐ

10 mg/ml trypsin inhibitor in ¾ 0 were added. After incubation for 10 min at room tempera¬

ture the sample was filtrated through a 0.22 µη filter (Millipore Cat. No. SLGS0250S). Af¬

terwards 5 ml of this 1:3.16 diluted plasma sample was again diluted 1: 3.16 with 10.8 ml

PBST + 0.5 % BSA buffer resulting in a total dilution of 1:10.



B) Preparation of HPF4 stock solution:

1 µΐ HPF4 was added to 99 µΐ PBST + 0.5% BSA buffer = 73 µ η1.

C) Preparation of human plasma stock solution spiked with 10 ng/ml HPF4:

1.64 µ of 73 µ /π ΐ HPF4 stock solution were added to 12 ml 1:10 diluted human plasma

resulting in lOng/ml HPF4 spiking of the human plasma stock dilution.

The preparation of dilution series of the binding antibodies; the binding antibody plate setup;

the preparation of blocking solution, primary antibody, label reagent and TMB solution were

the same as in Example 4.3.

The experimental procedure (but using 1:10 diluted human plasma in step 7) and data analy¬

sis for aligned sandwich-ELISA with HPF4-spiked human plasma were analogous to that

described for aligned sandwich-ELISA with cynomolgus plasma in Example 4.3.

Results are shown in Figure 32B and Table 8.

TABLE 8: AUC (OR TOTAL PEAK AREA) CALCULATED FROM LOG-

TRANSFORMED DATA DEPICTED IN FIGURES 32A AND 32B

Positive Negative

control mAb mAb mAb control

anti-HPF4 mlG5' 4C9 10B3 mIgG2a

Cynomolgus Area Under Curve 2 4.781 0.277 0.027 0.054 0.015

plasma
Ratio

(data from Fig¬ 1 17 179 89 325
HPF4 / aA antibody

ure 32A)

Human plasma Area Under Curve 2 3.844 0.165 0.018 0.053 0.033

(data from Fig¬ Ratio
1 23 212 72 118

ure 32B) HPF4 / aA antibody



' 1G5 is a murine monoclonal antibody having a binding affinity to the Αβ(20-42) globulo¬

mer that is greater than the binding affinity of the antibody to both the Αβ(1-42) globulomer,

as described in WO 07/062852 A2

2 Area under curve was calculated as described in example 4.3.



WHAT IS CLAIMED IS:

1. A binding protein comprising six amino acid sequences which are at least 75% identical

to the sequences forming a set of sequences selected from the set of sequences SEQ ID

NOs: 17, 18, 19, 20, 2 1 and 22; and the set of sequences SEQ ID NOs: 33, 34, 35, 36, 37

and 38.

2. The binding protein according to claim 1, wherein the six amino acid sequences form a

set of sequences selected from the set of sequences SEQ ID NOs: 17, 18, 19, 20, 2 1 and

22; and the set of sequences SEQ ID NOs: 33, 34, 35, 36, 37 and 38.

3. The binding protein according to claim 1 or 2 comprising a first amino acid sequence

which is at least 90% identical to an amino acid sequence selected from the group con

sisting of SEQ ID NOs: 1, 3, 4, 6, 7, 8, 9, 10, 11, 12 and 13.

4. The binding protein according to any one of claims 1-3 comprising a second amino acid

sequence which is at least 90% identical to an amino acid sequence selected from the

group consisting of SEQ ID NOs: 2, 5, 14, 15 and 16.

5. The binding protein according to claim 3 or 4, wherein the first amino acid sequence is

selected from the group consisting of SEQ ID NOs: 1, 3, 4, 6, 7, 8, 9, 10, 11, 12 and 13.

6. The binding protein according to any one of claims 4 or 5, wherein the second amino

acid sequence is selected from the group consisting of SEQ ID NOs: 2, 5, 14, 15 and 16.

7. The binding protein according to claim 1 or 2 comprising a first amino acid sequence

which is at least 90% identical to an amino acid sequence selected from the group con

sisting of SEQ ID NOs: 25, 27, 29 and 30.

8. The binding protein according to any one of claims 1, 2 and 7 comprising a second

amino acid sequence which is at least 90% identical to an amino acid sequence selected

from the group consisting of SEQ ID NOs: 26, 28, 3 1 and 32.

9. The binding protein according to claim 7 or 8, wherein the first amino acid sequence is

selected from the group consisting of SEQ ID NOs: 25, 27, 29 and 30.

10. The binding protein according to any one of claims 8 or 9, wherein the second amino

acid sequence is selected from the group consisting of SEQ ID NOs: 26, 28, 3 1 and 32.



11. The binding protein of any one of claims 1 to 10, wherein said binding protein is an anti

body.

12. The binding protein of claim 11, wherein said antibody is selected from the group con

sisting of: an immunoglobulin molecule, a disulfide linked Fv, a monoclonal antibody, a

scFv, a chimeric antibody, a single domain antibody, a CDR-grafted antibody, a diabody,

a humanized antibody, a multispecific antibody, a Fab, a dual specific antibody, a DVD,

a Fab', a bispecific antibody, a F(ab')2, and a Fv.

13. The binding protein of claim 11 or 12, wherein said antibody comprises a heavy chain

immunoglobulin constant domain selected from the group consisting of; a human IgM

constant domain, a human IgG4 constant domain, a human IgGl constant domain, a hu

man IgE constant domain, a human IgG2 constant domain, a human IgG3 constant do

main, and a human IgA constant domain.

14. The binding protein of any one of claims 1 to 13 further comprising an immunoglobulin

heavy chain constant region having the amino acid sequence of SEQ ID NO:41 or of

SEQ ID NO:42.

15. The binding protein of any one of claims 1 to 14 further comprising an immunoglobulin

light chain constant region having an amino acid sequence selected from the group con

sisting of SEQ ID NO:43 and SEQ ID NO:44.

16. The binding protein according to any one of claims 1 to 15, wherein said binding protein

further comprises an agent selected from the group consisting of: an immunoadhesion

molecule; an imaging agent, and a therapeutic agent.

17. The binding protein according to claim 16, wherein the imaging agent is selected from

the group consisting of a radiolabel, an enzyme, a fluorescent label, a luminescent label,

a bioluminescent label, a magnetic label, and biotin.

18. The binding protein according to claim 16, wherein said imaging agent is a radiolabel

selected from the group consisting of: 3H, 14C, 35S, 90Y, 99Tc, lllln, 1251, 1311,

177Lu, I66H0, and 153Sm.

19. The binding protein according to any one of claims 1 to 18, wherein said binding protein

possesses a human glycosylation pattern.



20. The binding protein according to any one of claims 1 to 19, wherein said binding protein

binds to amyloid-beta (20-42) globulomer.

21. The binding protein according to any one of claims 1 to 20, wherein said binding protein

shows at least 2 times less cross-reaction to platelet factor 4 (PF-4) than a reference anti-

PF-4 antibody when determined by sandwich- ELISA and/or by aligned sandwich- ELISA

with human and/or cynomolgus plasma.

22. The binding protein of any one of claims 1 to 21, wherein said binding protein is capable

of modulating a biological function of amyloid-beta (20-42) globulomer.

23. The binding protein of any one of claims 1 to 22, wherein said binding protein is capable

of neutralizing amyloid-beta (20-42) globulomer activity.

24. The binding protein according to any one of claims 1 to 23, wherein said binding protein

is a crystallized binding protein.

25. The binding protein according to claim 24, wherein said crystallized binding protein is a

carrier-free pharmaceutical controlled release crystallized binding protein.

26. The binding protein according to claim 24 or 25, wherein said crystallized binding pro

tein has a greater half life in vivo than the soluble counterpart of said binding protein.

27. The binding protein according to any one of claims 24 to 26, wherein said crystallized

binding protein retains biological activity.

28. An isolated nucleic acid encoding the binding protein of any one of claims 1 to 27.

29. A vector comprising the isolated nucleic acid of claim 28.

30. The vector of claim 29, wherein said vector is selected from the group consisting of

pcDNA, pTT, pTT3, pEFBOS, pBV, pJV, and pBJ.

31. A host cell comprising a vector of claim 29 or 30.

32. The host cell according to claim 31, wherein said host cell is a prokaryotic cell.

33. The host cell according to claim 32, wherein said prokaryotic cell is E.coli.

34. The host cell according to claim 31, wherein said host cell is a eukaryotic cell.



35. The host cell according to claim 34, wherein said eukaryotic cell is selected from the

group consisting of protist cell, animal cell, plant cell and fungal cell.

36. The host cell according to claim 35, wherein said eukaryotic cell is an animal cell se

lected from the group consisting of a mammalian cell, an avian cell, and an insect cell.

37. The host cell according to claim 35, wherein said eukaryotic cell is a CHO cell.

38. The host cell according to claim 35, wherein said eukaryotic cell is a COS cell.

39. The host cell according to claim 35, wherein said eukaryotic cell is a yeast cell.

40. The host cell according to claim 39, wherein said yeast cell is Saccharomyces cerevisiae.

41. The host cell according to claim 35, wherein said eukaryotic cell is an insect Sf9 cell.

42. A method of producing a binding protein comprising culturing a host cell of any one of

claims 3 1 to 4 1 in culture medium under conditions sufficient to produce the binding

protein.

43. A binding protein produced according to the method of claim 42.

44. A pharmaceutical composition comprising the binding protein of any one of claims 1 to

27 or 43, and a pharmaceutically acceptable carrier.

45. The pharmaceutical composition of claim 44, wherein said pharmaceutically acceptable

carrier functions as adjuvant useful to increase the absorption, or dispersion of said bind

ing protein.

46. The pharmaceutical composition of claim 45, wherein said adjuvant is hyaluronidase.

47. The pharmaceutical composition of any one of claims 44 to 46 further comprising at least

one additional therapeutic agent.

48. A composition for the release of a binding protein said composition comprising:

(a) a formulation, wherein said formulation comprises a crystallized binding protein of

any one of claims 24 to 27, and an ingredient; and

(b) at least one polymeric carrier.



49. The composition according to claim 48, wherein said polymeric carrier is a polymer se

lected from one or more of the group consisting of: poly(acrylic acid), poly(cyanoacry-

lates), poly(amino acids), poly(anhydrides), poly(depsipeptides), poly(esters), poly(lactic

acid), poly(lactic-co-glycolic acid) or PLGA, poly ( -hydroxybutryate),

poly(caprolactone), poly(dioxanone); poly(ethylene glycol), poly((hydroxypropyl)

methacrylamide), poly((organo)phosphazene), poly(ortho esters), poly (vinyl alcohol),

poly(vinylpyrrolidone), maleic anhydride - alkyl vinyl ether copolymers, pluronic poly-

ols, albumin, alginate, cellulose and cellulose derivatives, collagen, fibrin, gelatin, hyalu

ronic acid, oligosaccharides, glycaminoglycans, sulfated polysaccharides, blends and co

polymers thereof.

50. The composition according to claim 48, wherein said ingredient is selected from the

group consisting of albumin, sucrose, trehalose, lactitol, gelatin, hydroxypropyl- β-

cyclodextrin, methoxypolyethylene glycol and polyethylene glycol.

51. A method for reducing activity of an Αβ form that comprises the globulomer epitope

with which the binding proteins of any one of claims 1 to 27 or 43 are reactive, compris

ing contacting said Αβ form with the binding protein of any one of claims 1 to 27 or 43

such that activity of said Αβ form is reduced.

52. A method for treating a subject for a disease or a disorder in which activity of an Αβ

form that comprises the globulomer epitope with which the binding proteins of any one

of claims 1 to 27 or 43 are reactive is detrimental, by administering to the human subject

the binding protein of any one of claims 1 to 27 or 43 such that treatment is achieved.

53. A method for treating a subject for a disease or a disorder selected from the group con

sisting of Alphal-antitrypsin-deficiency, CI -inhibitor deficiency angioedema, Anti-

thrombin deficiency thromboembolic disease, Kuru, Creutzfeld- Jacob disease/scrapie,

Bovine spongiform encephalopathy, Gerstmann-Straussler-Scheinker disease, Fatal fa

milial insomnia, Huntington's disease, Spinocerebellar ataxia, Machado-Joseph atrophy,

Dentato-rubro-pallidoluysian atrophy, Frontotemporal dementia, Sickle cell anemia, U n

stable hemoglobin inclusion-body hemolysis, Drug-induced inclusion body hemolysis,

Parkinson's disease, Systemic AL amyloidosis, Nodular AL amyloidosis, Systemic AA

amyloidosis, Prostatic amyloidosis, Hemodialysis amyloidosis, Hereditary (Icelandic)

cerebral angiopathy, Huntington's disease, Familial visceral amyloidosis, Familial vis

ceral polyneuropathy, Familial visceral amyloidosis, Senile systemic amyloidosis, Famil

ial amyloid neurophathy, Familial cardiac amyloidosis, Alzheimer's disease, Down syn-



drome, Medullary carcinoma thyroid and Type 2 diabetes mellitus (T2DM), by adminis

tering to the subject the binding protein of any one of claims 1 to 27 or 43 such that

treatment is achieved.

54. The method according to claim 52 or 53, wherein said administering to the subject is by

at least one mode selected from parenteral, subcutaneous, intramuscular, intravenous, in

traarticular, intrabronchial, intraabdominal, intracapsular, intracartilaginous, intracavi

tary, intracelial, intracerebellar, intracerebroventricular, intracolic, intracervical, intragas

tric, intrahepatic, intramyocardial, intraosteal, intrapelvic, intrapericardiac, intraperito

neal, intrapleural, intraprostatic, intrapulmonary, intrarectal, intrarenal, intraretinal, in-

traspinal, intrasynovial, intrathoracic, intrauterine, intravesical, bolus, vaginal, rectal,

buccal, sublingual, intranasal, and transdermal.
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