Moneoclonal Antibody

The present invention is related to methods and compositions for the therapeutic and
diagnostic use in the treatment of diseases and disorders which are caused by or
associated with amyloid or amyloid-fike proteins including amyloidosis, a group of
disorders and abnormalities associated with amyloid protein such as Alzheimer's

dissase.

Amyioidosis is not a single disease eniity but rather a diverse group of progressive
disease processes characterized by exiracellufar fissue deposits of a waxy, starch-like
protein calied amyloid, which accumulates in one or more organs or body systems. As
the amyloid depuosits build up, they begin to interfere with the nommal function of the
argan or body system. There are at least 15 different types of amyloidosis. The major
forms are primary amyloidosis without known antecedent, secondary amyloidosis
foliowing some other condition, and hereditary amyloidosis,

Secondary amyloidosis occurs in péopié who have a chronic infection or inflammatory
disease, such as fuberculosis, a bacterial infection called familial Maditerranean fever,
bone infections (csteomyelitis), rheumatoid arthritis, inflammation of the small intestine

(granulomatous ileftis}, Hodgkin's disease, and leprosy.

Amyloid deposits typically contain three components, Amyioid protein fibrils, which
account for about 80% of the amyloid material, comprise one of several different types
of proteins. These proteins are capable of folding into so-called "Deta-pleated” sheet
fibrils, & unique protein configuration which exhibits binding sites for Congo red resulting
in the unique staining propertiss of the amyloid protein. In addition, armyioid daposits are
closely associated with the amyloid P (pentagonal) component (AP}, a glycoprotein
related to normal serum amyloid P (SAP), and with sulfated glycosaminoglycans (GAG),
complex carbohydrates of connective tissue.

Many diseaseas of aging are based on or associated with amyloid-like proteins and are
characterized, in pari, by the buildup of extraceliular deposits of amyloid or amyloid-ike
material that contribute to the pathogenesis, as well as the progression of the diseass.
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These diseases . include, but are not limited to, neurological disorders such as

Alzheimer's Disease (AD), including diseases or condiions characterized by a loss of
cognitive memory capacity such as, for sxample, mild cognitive impairment (MCI), Lawy
body demeniia, Down's syndrome, hersditary cerebral hemorthage with amyloidosis
{Dutch type); the Guam Parkinson-Dementia complax. Other diseases which are based
on or associaled with amyloid-like proteins are progressive supranuclear palsy, multiple
sciercsis; Crautzfeld Jacob disease, Parkinson's disease, HiV-related dementia, ALS
(amyotropic lateral sclerosis), inclusion-body myositis (IBM), Adult Onset Diabetes;
senile cardiac amyloidosis; endocrine tumors, and others, including macular
degeneration.

Although pathogenesis of these diseases may be diverse, their characteristic deposits
often contain many shared molecular constituents. To a significant degree, this may bs
atiributable o the local activation of pro-inflammatory pathways thereby leading to the
concurrent deposition of activated complement components, acute phase reactants,
immune modulators, and other inflammatory mediators (McGeer et al., 1984). |

Alzheimer's Disease (AD) is a neurological disorder primarily thought to be caused by
amyloid plagues, an accumulation of abnormal deposit of proteins in the brain. The
most frequent fype of amyloid found in the brain of affected individuals is composed
primarily of AR fibrils. Scientific evidence demonsirates that an increase in the
production and accumuiation of beta-amyloid profein in plagues leads fo narve cell
death, which contributes to the development and progression of AD. Loss of nerve celis
in sirategic brain areas, in turmn, causes reduction in the neurotransmitters and
impairment of memory. The proteins principally responsibie for the plaque build up
include amyloid precursor protein (APP) and two presenifins (presenilin | and presenifin
t). Sequeniial cleavage of the amyloid precursor protein (APP), which is constitutively
expressed and catabolized in most cells, by the enzymes B and v secretase ieads to the
release of a 39 to 43 amino acid AB pepfide. The degradation of APPs likely increases
their propensity o aggregate in plaques. It is especially the AB(1-42) fragment that has
a high propensity of buiiding aggregates due to two very hydrophobic amino acid
residues at its C-terminus. The AB(1-42) fragment is therefore believaed fo be mainiy
involved and responsible for the inifiation of néuriiic plague formation in AD and to have,
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therefore, a high pathological potential. There is therefore 2 need for specific antibodies

that can target and diffuse amyloid plague formation.

The sympioms of AD manifest slowly and the first sympiom may only be mild
forgetfulness. In this étage, individuais may forgst recent events, activities, the names of
familiar people or things and may not be able 1o solve simple math problems. As the
disease progresses, symptoms are more easily noticed and become serio&s enough to
cause people with AD or their family members to seek medical help. Mid-stage
symptoms of AD include forgetting how fo do simple tasks such as grooming, and
problems develop with speaking, understanding, reading, or writing. Later stage AD
natients may become anxious or aggressive, may wander away from home and
ultimately need total care.

Presently, the only definite way to diagnose AD is {o identify plagues and tangles in
- brain iissue in an autopsy after death of the individual. Therefore, dociors can only
make a diagnosis of "possible” or "probable” AD while the person is siill alive. Using
current methods, physicians can diagnose AD correctly up to 80 percent of the time
using several tools to diagnose "probabie" AD. Physiclans ask guestions about the
person's general health, past medical problems, and the history of any difficulties the
person has carrying out daily activities. Behavioral tests of memory, problem solving,
attention, counting, and language provide information on cognitive Eiegeneraﬁon and
medical {ests such as tests of blood, urine, or spinal fluid, and brain scans can provide
some further information.

The management of AD consists of medication-bagsed and non-medication based
freatments. Treatmenis aimed at changing the underlying course of the disease
{(delaying or reversing the progression) have so far been largely unsuccessful,
Medicines that restore the deficit (defect), or malfunctioning, in the chemical
messengers of the nerve cells (neurofransmitters), in pariicular the cholinesterase
inhibiters (ChEls) such as tacrine and rivastigmine, have bsen shown fo improve
symptoms. ChEls impede the enzymatic degradation of neurcfransmitiers thersby
inéreasing the amount of chemical meassengers available to transmit the nerve signals in
the brain.
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For some people in the early and middle stages of the disease, the drugs tacrine

(COGNEX®, Morris Plaine, NJ), donepszil (ARICEPT®, Tokyo, JP), rivastigmine
{EXELON®, East Hanover, NJ), or galantamine (REMINYL®, New Brunswick, NJ) may
help prevent some symptoms from becoming worse for a limited time. Another drug,
memaniine {NAMENDA@’, New York, NY), has been approved for treatiment of moderate
to severe AD. Medications are also available fo address the psychiatric manifes{ations
of AD. Also, some medicines may help control behavioral sympioms of AD such as
sleeplessness, agitation, wandering, anxiety, and depression. Treating these symptoms
- often makes patients more comfortable and makes their care easier for caregivers.
Unfortunately, despite significant treatment advances showing that this class of agents
is consistently betler than a placebo, the disease confinues o progress, and the
average effect on mental functioning has only been modest. Many of the drugs used in
AD medication such as, for example, ChEls also have side sffects that inciude

gastrointestinal dysfunction, liver foxicity and weight joss.

Other diseases that are based on or associated with the accumulation and deposit of
amyloid-like protein are mild cognifive tmpaiment, Lewy body dementia (LBD),
amyotrophic lateral sclerasis (ALS), inclusion-body myositis (IBM) and macular
degeneration, in particular age-related macular degeneration (AMD).

Mild bogniﬁve impairment (MC!) is a general tarm most comn’ioniy defined as a subtle
but measurable memory disorder. A person with MC| experiences memory problems
greaier than normally expected with aging, but does not show other symptoms of
dementia, such as impaired judgment or reasoning. MCl is & condition that frequently
reflects a preciinical stage of AD.

The deposiiion of B-amyioid within the entorhinal cortex (EC) is believed to play a key
role in the development of miid cognitive impairment (MC1) in the eldedy. This is in line
with the cbservation that the CSF-A AB(1-42) levels deciine significantly once AD
becomes chinically overt. In contrast 1o CSF- AR(1-42) CSF-tau levels are significantly
increased in the MCl stage, and these values confinue to be elevated thereafier,
indicating that increased levels of CSF-tau may help in detecting MCI subjects who are
predicted to develop AD.
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Lewy body dementia (LBD) is a neurodegenerative disorder that can occur in persons

older than 65 years of age, which typically causes symptoms of cognitive {ihinking)
impairment and abnormal behavioral changes. Symptoms can include cognifive
impairment, neurological signs, sleep disorder, and autoromic failure. Cognitive
impairment is the preseniing feature of LBD in most cases. Patients have recurrent
episodes of confusion that progressively worsen. The fluctuation in cognitive ability is
often associated with shiffing degreas of attention and aleriness. Cognifive impaimment
and fluctuations of thinking may vary over minutes, hours, or days,

Lewy bodies are formed from phoesphorytated and nonphosphorylated neurofilament
proteins; they contain the synaptic protein alpha-synuclein as well as ubiquitin, which is
involved in the elimination of damagsad or abnormal proteins. In addition to Lev«;y Bodies,
Lewy neurites, which are inclusion bodies in the cell processes of the nerve calls, may
also be present. Amyloid plagues may form in the brains of patients afflicted with DLR,
however they tend fo be fewer in number than seen in patients with Alzheimer's
diseass. Neurofibriliary tangles, the other micropathological hallmark of AD, are not a
main characterislic of DLB but are frequently present in addition to amyloid plagues.

Amyotrophic izteral scierosis (ALS) is’characterizad by degenaration of upper and lowsr
motor neurons. in some ALS patients, dementia or aphasia may be present (ALS-D).
The dementia is most commonly a frontotemporal dementia (FTD), and many of these
cases have ubiguitin-positive, tau-negative inclusions in neurons of the dentate gyrus

and superficial layers of the frontal and temporal lobes.

inclusion-body myositis (IBM) is & crippling disease usually found in people over age 50,
in which muscle finers develop inflammmation and begin o atrophy—but in which the
brain is spared and patients retain their full intellect. Two enzymes involved in the
production of amyloid-B protein were found to be increased inside the muscie calis of
patients with this most common, progressive muscle disease of older peopie, in which
armyloid-B is also increased. |

Another disease that is based on or associated with the accumuiation and deposit of
amyioid-like protein is macular degeneration.
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Macular degeneration is & common ave disease that causes deterioration of the macula,

which is the central area of the retina (the paper-thin tissug at the back of the aye where
light-sensitive cells send visual signals fo the brain). Sharp, clear, ‘straight ahead' vision
is processed by the macula. Damage 1o the macula results in the development of blind
spols and blurred or distorted vision. Age-related macutar degeneration (AMD) is &
major cause of visual impairment in the United States and for people over age 65 it is
the leading cause of legal blindness among Caucasians. Approximately 1.8 million
Americans age 40 and older have advancad AMD, and another 7.3 million people with
intermediate AMD are at substantial risk for vision loss. The government estimates that
by 2020 there will be 2.9 million people with advanced AMD. Victims of AMD are often
surprised and frustrated to find ouf how little is known about the causas and freatment
of this blinding condition.

There are two forms of macular degenerafion: dry macular degeneration and wst
macular degeneration. The dry form, in which the cells of the macula slowly begin to
break down, is diagnosed in 85 percent of macular degeneration cases. Both eyes are
usually affected by dry AMD, although one eye can lose vision while the other eye
remains unaffected. Drusen, which are yellow deposits under the refina, are common
early signs of dry AMD. The risk of developing advanced dry AMD or wet AMD
iricreases as the number or size of the drusen increases. It is pessible for dry AMD fo
advance and cause foss of vision without turning into the wet form of the disease;

however, i is also possible for early-stage dry AMD to suddenly change into the wet
form.

The wet form, although it only accounts for 15 percent of the cases, resulis in 90
percent of the blindness, and is considered advanced AMD (there is no early or
intermediale stage of wat AMD). Wet AMD is always preceded by the dry form of the
disease. As the dry form worsens, some people begin to have abnormal blood vessels
growing behind the macula. These vessels are very fragile and will leak fluid and blood

thence 'wet' macular degéneration)‘ causing rapid damage fo the macula,

The dry form of AMD will initially often cause slightly blurred vision. The center of vision
in particutar may then become blurred and this region grows larger as the dissase
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progresses. No symptoms may be ncticed i only one eye is affected. In wet AMD,

siraight lines may appear wavy and ceniral vision loss can oceur rapidly.

Diagnosis of macular degeneration fypically involves a dilated eye exam, visual acuity
fest, and a viewing of the back of the eye using a procedure called fundoscopy to help
diagnose AMD, and—if wet AMD is suspected—Tfiuorescein angiography may also be
performed. K dry AMD reaches the advanced stages, there is no current treatment fo
prevent vision loss. However, a specific high dose formula of antioxidants and zinc may
delay or prevent infermediate AMD from progressing to the advanced stage.
Macugen® {(pegaptanib sodium injection), leser photocoagulation and photodynamic
therapy can control the abnormal biood vessel growth and blesding in the maculg,
which is helpfui for some peopie who have wet AMD; however, vision that is already lost
will not be restored by these techniques. If vision is already lost, low vision aids exist
that can help improve the quality of iife.

One of the eariiest signs of age-related macular degeneration (AMD) is the
accumulation of extracallular deposits known as drusen batween the basal lamina of the
refinal pigmented epitheilum {RPE) and Bruch's membrane (BM). Recent studies
conducted by Anderéon et al. have confirmed that drusen contains amyloid beta.
{(Experimental Eye Research 78 (2004) 243-255).

Ongoing research continues with studies exploring environmental, genetic, and distary
factors that may contribute fo AMD. New treatment strategies are also being explored,
including retinal cell transplants, drugs that will prevent or siow down the progress of the
disease, radiation therapy, gene therapies, a computer chip impianted in the refing that
may help stimulate vision and agents that will prevent the growth of new blood vessels
under the macuta.

An important factot 1o consider when developing new drugs is the sase of use for the
target patients. Oral drug delivery, -specifically tablets, capsules and softgels-, account
for 70% of all desage forms consumed because of pafient convenience. Drug
developers agree that patients prefer oral delivery rather than subjecting themselvas to
injections or other, more invasive forms of medicinal administration. Formulations
resulfing in low dosing intervals (le. once a day or sustained relezse) are also
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preferable.  The eass of administering antiiofics in oral dosage forms results in an

increase of patient compliancs during freatment.

What is nseded are sffeciive methods and compeositions for the gensration of highiy
specific and highly effective aniibodiss, which is a prareguisite I the gntibodies are to be

provided in an oral dosage form. Praferably such antibodizs would recognize specific

epitopes on various anfigens such as amyloid protein.

What is alsc needed tharefors, are effective compesitions and methods for addressing
the complications azssociated with dissases and disorders which arg caused by or
associzted with amyloid or amyloid-ike proteins including amyloidosis, & group of
 diseases and disorders associated with amyioid plague formation including sacondary
amyioidosis and age-rsiated amvicidosis including, but not limited fo, neurciogical
disorders such as Alzheimers Disease (AD), including dissasss or conditions
characterized by a less of cognifive memory capacity such as, for example, mid
cognitve impairment (MCl), Lewy body dsmenfia, Down's syndrome, hereditary
carebral hemotthage with amyloidosis (Dutch iype), the Guam Parkinson-Dameniia
complex; as wall a5 other diseases which are based on or zzsociated with amyloid-lke
protains such as progressive supranuclear paisy, multiple sclercsis; Creutzfaid Jacob
dissase, Parkinsbn‘s dissase, HIV-related dementia, ALS (amyotropic lateral sclerosis),
inclusion-body myositis (IBM), Adult Onset Diabsiss; senile cardiac amyloidesis;
endocring fumors, and others, including macuiar degeneration. n parficular what is
nead are specialized and highly sffeclive aniibodies capable of counteracting the
physiclogical manifesiations of the dissass such as the formation of plaques associated

with aggregation of fibers of the amyloid or amyioid-like peptida.
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Summary

In one aspect, there is provided an antibody or active fragment thereof, which antibody

or active fragment thereof recognizes and binds to an epitope of B-amyloid ("AR")

peptide and,

{a) upon co-incubation with AR monomeric peptides 1-42, at a molar ratio of 1:100,
antibody:peptides, inhibits the aggregation of the AR monomers into high molecular

polymeric fibrils or filaments and, in addition,

{b) upon co-incubation with preformed high molecular polymeric amyloid fibrils or
filaments formed by the aggregation of AR monomeric peptides 1-42, at a molar
ratio of 1:100, antibody:preformed amyloid fibrils or filaments, is capable of

disaggregating the preformed polymeric fibrils or filaments; and

(c) upon co-incubation with preformed high molecular polymeric amyloid fibrils or
filaments formed by the aggregation of AR1-42 monomeric peptides is capable of
inducing a transition of the p-sheet conformation towards an o-helix and/or a

random coil conformation in the AB1-42 molecule.

In another aspect, there is provided an antibody or active fragment thereof, wherein said

antibody or active fragment thereof binds fo p-amyloid and comprises:

(1)

(2)

(3)

(4)

the Heavy Chain Variable Region (HCVR) of SEQ ID NO: 8 and the Light Chain
Variable Region (LCVR) of SEQ ID NO: 7; or

(i} a Light Chain Variable Region (LCVR) wherein the Light Chain Variable Region
(LCVRY} has an amino acid sequence that is 97%, 98% or 99% identical to the
sequence given in SEQ 1D NO: 7, and

(i} a Heavy Chain Variable Region (HCVR) wherein the Heavy Chain Variable
Region (HCVR) has an amino acid sequence that is 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the sequence given in SEQ ID NO: 8; or

a Light Chain Variable Region (LCVR) and a Heavy Chain Variable Region (HCVR)
that together have an amino acid sequence that is 94%, 95%, 96%, 97%, 98% or
99% identical to the sequence given in SEQ ID NOs: 7 and 8; or

the complementarity determining regions (CDRs) of the Light Chain Variable
Region (LCVR) of SEQ ID NO: 7 and the CDRs of the Heavy Chain Variable
Region (HCVR) of SEQ ID NO: §; or
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(5) the epitope-binding fragments of the Light Chain Variable Region (LCVR) of SEQ
ID NO: 7 and the Heavy Chain Variable Region (HCVR) of SEQ ID NO: 8; or

(6) (i) a Light Chain Variable Region (LCVR) comprising a CDR1 having the amino
acid sequence of SEQ ID NO: 23; a CDR2 having the amino acid sequence of SEQ
D NO: 24; and a CDR3 having the amino acid sequence of SEQ ID NO: 25; and (ii)
a Heavy Chain Variable Region (HCVR) comprising a CDR1 having the amino acid
sequence of SEQ ID NO: 26; a CDR2 having the amino acid sequence of SEQ ID
NO: 27, and a CDR3 having the amino acid sequence of SEQ 1D NO: 28.

In another aspect, there is provided a monoclonal antibody produced by:

(i) hybridoma cell line FP 12H3-C2, deposited on December 01, 2005 as DSM

ACC2750, or an active fragment thereof or a functional equivalent thereof; or

(i) hybridoma cell line FP 12H3-G2, deposited on December 01, 2005 as DSM

ACC2751, or an active fragment thereof or a functional equivalent thereof.

In another aspect, there is provided an antibody or active fragment thereof, wherein said

antibody or active fragment thereof binds to B-amyloid and comprises:

(1) the Light Chain Variable Region (LCVR) complementarity determining regions
(CDRs) and the Heavy Chain Variable Region (CDRs) of the antibody produced by
hybridoma cell line FP 12H3-C2, deposited on December 1, 2005 as DSM
ACC2750; or

(2) a Light Chain Variable Region (LCVR) and a Heavy Chain Variable Region (HCVR)
having the sequences of the LCVR and HCVR, respectively, of the antibody
produced by hybridoma cell line FP 12H3-C2, deposited on December 1, 2005 as
DSM ACC2750; or

(3) the epitope-binding fragments of the Light Chain Variable Region (LCVR) and the
Heavy Chain Variable Region (HCVR) of the antibody produced by hybridoma cell
line FP 12H3-C2, deposited on December 1, 2005 as DSM ACC2750.

In another aspect, there is provided a polynucleotide comprising a nucleotide sequence

encoding an antibody or active fragment thereof as defined above.

In another aspect, there is provided a composition comprising the antibody or active

fragment thereof as defined above in a therapeutically effective amount.

In another aspect, there is provided the composition as defined above, for use in the

treatment of Alzheimer's disease.
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In another aspect, there is provided a mixture comprising the antibody or active
fragment thereof as defined above in a therapeutically effective amount and a further
biologically active substance and/or a pharmaceutically acceptable carrier and/or a

diluent and/or an excipient.

In another aspect, there is provided a composition as defined above for use in
decreasing the total amount of soluble AB in the brain of a mammal suffering from

amyloidosis.

in another aspect, there is provided a hybridoma cell line that produces an antibody as

defined above, or an active fragment thereof.

In another aspect, there is provided a hybridoma cell line FP 12H3-C2, deposited on
December 01, 2005 as DSM ACC2750.

In another aspect, there is provided a hybridoma cell line FP 12H3-G2, deposited on
December 01, 2005 as DSM ACC2751.

In another aspect, there is provided a method for monitoring minimal residual disease in
a patient following treatment with an antibody or active fragment thereof as defined

above or a compasition as defined above, wherein said method comprises:

(a) bringing a patient sample suspected o contain amyloid antigen into
contact with an antibody or active fragment thereof as defined above;
(b)  allowing the antibody or active fragment thereof to bind to the amyloid
antigen to form an immunoclogical compiex;
(c) detecting the formation of the immunological complex;
(d) correlating the presence or absence of the immunological complex with
the presence or absence of amyloid antigen in the sample; and
(e)  comparing the amount of said immunological complex to a normal control
value,
wherein an increase in the amount of said immunological complex compared to a
normal control value indicates that said patient stili suffers from a minimal residual

disease.

in another aspect, there is provided a method for predicting responsiveness of a patient
being treated with an antibody or active fragment thereof as defined above or a

compaosition as defined above comprising:

(a)  bringing a patient sample suspected to contain amyloid antigen into

contact with an antibody or active fragment thereof as defined above;
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(b}  allowing the antibody or active fragment thereof to bind to the amyloid
antigen to form an immunological complex;

(c) detecting the formation of the immunological complex;

(d}  correlating the presence or absence of the immunological compiex with
the presence or absence of amyloid antigen in the sample; and

(e} comparing the amount of said immunological complex before and after
onset of the freatment,

wherein a decrease in the amount of said immunological compiex indicates that

said patient has a high potential of being responsive to the treatment.

in another aspect, there is provided the use of the antibody or active fragment thereof
as defined above in the preparation of a medicament for decreasing the total amount of

soluble AB in the brain of an animal suffering from amyloidosis.

In another aspect, there is provided a cell line that produces an antibody or active

fragment thereof as defined above.

In another aspect, there is provided a cell line comprising the polynucieotide as defined

above.

in another aspect, there is provided a method of producing an aniibody or an active

fragment thereof, comprising the step of culturing the cell line as defined above.

In another aspect, there is provided a method of producing antibody or an active
fragment thereof, comprising the step of expressing the polynuclectide as defined

ahove.

Description

Anti-amyloid antibodies elicited by the inocutation of AR, mixed with Freund complate
or incomplete adjuvant had proved capable to reduce the amyioid burden in transgenic

mice for human Alzheirner disease (Schenk &t al,, 19808},

Intraperitonal inoculation of ietrapalmitoviated ARy reconstituted in liposomes to
MORBA transgenic mice elicited significant titers of anti-amyloid antibodies, which also
proved capable o solubifize amyloid fibers and plagues in vifro and in vive. (Nicolau &t
al,, 2002}
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A possible mechanism by which the dissolution of amyloid plagues and fibres cccurred
was first suggested by Bérd et al, (2000}, who atdvanced the conclusion, based upon
their data, that the anfibodies opsonized the plagues, which were subseguently
deétrayed by the macrophages of the microglia. De Mattos et 2., (2001) indicated that a
MAb directed against the central dbmain of B-amyloid was able {0 bind and completely
sequester plasma amyloid. They argued that the presence of these mAbs in circulation
shifted the equilibrium of AR between brain and plasma, favoring the peripheral clearing

and catabolism instead of depuosition within the brain.

The present invention provides novel methods and compositions comprising highly
specific and highly effective antibodies having the ability to specifically recognize and
bind to specific epitopes from a range of 8-amyloid antigens. The antibodiss enabled
by the teaching of the present invention are particularly vseful for the treatment of
diseases and disorders which are caused by or associated with amyloid or amyloid-like
proteins including amyioidosis, a group of diseases and disorders associated with
amyioid plague formation including secondary amyloidosis and age-relaied amyloidosis
including, but not limited to, neurclogical disorders such ag Alzheimer's Disease {AD},
including diseases or conditions characterized by a loss of cognitive memory capacity
such as, for example, mild cognitive impairmant (MCI), Lewy body dementia, Down's
syndrome, hereditary cerebral hemorrhage with amyloidesis (Dutch type); the Guam
Parkinson-Dementia complex; as well as other diseases which are based on or
associated with amyloid-like proteins such as progressive supranuciear palsy, multiple
sclerosis; Creutzfeld Jacob disease, hereditary cerebral hemorrhage with amyioidosis
Dutch type, Parkinson's disease, HiV-related dementia, ALS (amyotropic lateral
sclerosis), inclusion-body myositis (IBM), Adult Onset Diabetes; senile cardiac
amyloidosis; endocrine tumors, and others, including meacular degeneration, o name
just a few, '

Moreover, the present invention provides novel methods and compositions for retaining
or increasing the cognitive memory capacity in a mammal exhibiting an amyloid-
associated disease or condition comprising administering to an animal, particularly a
mammal, more particularly a human in need of such & treatment, a therapeutically
gffeclive amount of 2 monocional antibody according fo the invention. ‘
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BRIEF DESCRIPTION OF FIGURES AND SEQUENCES

Figure 1.

Figure 2:

Figure 3;

Figure 4;

SEQ ID NG

SEQ D NO:
SEQ 1D NO:

SEQ 1D NG
SEQ ID NO
SEQ 1D NO

SEQ 1D NO:
SEQ D NO: 3
SEQ D NG 4
SEQ ID NG
SEQ D NO:
SEQ IDNO: T:
SEQ 1D NO: 8:
SEQ ID NO: 8:
SEQ 1D NO:

Peplides derived from the AP sequences 1-15, 1-16 and 1-16{A14), 22-35,
and 28-40

Binding of mACHK-01-Ab7 C2 monoclonal antibody to amyloid species in
Westarn blot and Dot blot

Binding of mACI-01-Ab7 C2 monoclonal antibody to amyloid fibers by
fransmission electronic microscopy.

Resulis of a head-to-head-experiment between Th-T fluorescent assay and
solid-state NMR of U-C Tyr10 and Val12-labeled B-amyloid 1-42 peptide

1. Antigenic peptide AR 145

Antigenic peplide AL 5.5
Antigenic peptide AR 115812
Antigenic peptide AL 2.5

Antigenic peplide ARy e :

Amino acid seguence of Mouse C2 Light Chaih Variable Region
Amino acid sequence of Mouse C2 Heavy Chain Variable Region .
Nucleoctide sequence of Mouse C2 Light Chain Variabie Region
10: Nucleotide sequence of Mouse C2 Light Chain Variabie Region

2
3
4
5. Ardigenic peptide ABogag
3
7
8
9

including signal seguences
1. MNucleotide sequence of Mouse C2 Heavy Chain Variable Ragion
12; Nucleotide seguence of Mouse C2 Heavy Chain Variable Region
including signal sequences

: 13-20: Amino acid sequence variante of epifopic region on the AR peptide
121 Amino acid sequence of Mouse C2 Light Chain
» 22 Amino acid sequence of Mouse C2 Meavy Chain

The present invention makes use of antigen presentations that result in enhanced

~ exposure and stabiiization of a preferred antigen conformation, which ultimately results
in antibodies with unigue properties.
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i one embodiment of the invention an antibody is provided including any functionally

equivaient antibody or functiona! parts therecf, of, more particularly, 2 ronoclonal
antibody including any functionally equivalent antibody or functional paris thereof, which
has been raised against a supramolecular antigenic construct comprising an anfigenic
peptide corresponding 1o the amino acid sequence of the B-amyloid peptide, particularly
of B-amyloid peptide ABr.1s, ABris and ABr.1amia, Mmodified with a hydrophobic moisty
such as, for example, palmitic acid or a hydrophilic moiety such as, for example,
polyethylene glycol (PEG) or a combination of both, wherein said hydrophobic and
hydrophilic moiety, respectively, is covalently bound io esach of the termini of the
antigenic peptide through at least one, particutarly one or two amino acids such as, for
exarnple, lysine, giutamic acid and cystein or any othar suitabie amino acid or amino
acid analogue capable of serving as a connecting device for coupling the hydrophobic
and hydrophific moiety to the peptide fragment. When a PEG is used as the hydrophiiic
moiety, the free PEG termini are covalently bound to phosphatidylethanolamine or any
othef compound suitable fo function as the anchoring element, for example, to embed

the anfigenic construct in the bilayer of a liposome.

in another embodiment of the invention, an antibody, particularly 2 monocional antibody,
including any functionally equivalent antibody or functional parts thereof is provided,
~ which recognized the native conformation of amyloid in that it specifically binds to

amyloid oligomers and fibers, but not to not linearized amyloid species.

In a further embodiment of the invention, an antibody, pariicularly a monoclonal
antibody, including any funcﬁdnaiiy equivalent antibody or funcfional parts thereof
according to the present invention and as described herein before, is provided which
antibody or fragment binds to an AR monomer with 2 binding affinity of at least about 1 x
107 1o at ieast about 1 x 10, particularly of at lsast about 1 x 10 to at least about 1 x
107, more particularly of at least about 1 x 107 o at least zbout 1 x 107, even more
particutarly of at least about 1 x 107 o at least about 4 X 107 but, preferably, does not
show any significant cross-reactivity with amyloid precursor protein (APP)

In another embodiment of the invention, an antibody, particularly & monoclonat antibody,
including any functionally equivaient antibody or functional parts thereof according io
the present invention and as described hersin before, is provided which anfibody or



fragment binds to an AB fiber, fibrl} or ﬁtaméit with & binding affinity of at least about 1 x
107 to at least about 1 x 10°, particularly of at isast about 1 x 107 1o at leest about 1 x
10, more ;ﬁarticu!ar!y of at least about 1 x 10°% to at least about 1 x 10°°, even more
parficularly of at least about 1 x 10 fo at least about 5 x 10°%, but, preferably, does not

show any significant cross-reaciivity with amyloid precursor protein (APP).

In another embodiment, the antibody, particularly a monoclonal antibody, including any
functionally equivalent antibody or functional parts thereof according to the present
invention and as described herein before exhibits an binding affinity fo an AR fiber, fibril
or filament which is at least 5 times, particularly at l=sast 10 times, more particularly at
jeast 15 times, higher than the binding affinity to an AR monomer.

The antibodies according to the invention are capable of inhibiting, in vitro and in vive,
the aggregation of amyloidogenic monomeric peptides, specifically B-amyloid
monomeric peplides such as, for example, AB monomeric peptides 1-38; 1-40, 141, 1-
42, or 143, but especially AB,.s» monomeric peptides, into high molecular polymaric
arnyloid fibrils or fitaments.

in a specific embodiment of the invenfion an antibody, particularly a monocional
antibody, including any functionally equivaient antibody or functional parts thereof,
which antibody, upon co-incubation with amyloid monomeric peptides, pariicularly -
amyioid monameric peptides such as, for example, AR monomeric peptides 1-38; 140,
1-41, 1-42, or 1-43, but especially AB1.sz monomeric peptides, inhibits the aggregation
of the AB monaomers into high molecular polymaric fibrils,

in a further embodiment of the invention an antibody iz provided, particularly =
monoclonal antibody, including any functionally eguivalent anfibody or functional parts
thereof, which antibody, upon co-incubation, particularly upon co-incubation at a molar
conceniration ratio of up to 1:100, more particularly at @ molar concaniration ratio of
between 1:30 and 1:100, but especially at a molar conceniration ratio of 1:100, with
amyioid monomeric peptides, particuiarly B-amyloid monomeric peptides such as, for
exampie, AR monomeric peptides 1-38; 1-40, 141, 1-42, or 1-43, but especially ARy
monomeric peplides, inhibits the aggregation of the AB monomers into high molecular
polymeric fibrils. In particuiar, said inhibition amounts to at least 50%, pariicutarly to at
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least 85%, more particularly to at least 75%, even more .particularly to at least 80%, but

especially to at least 85%-90%, or more as compared o the respective amyloid peptide
monomers incubated in buffer (conirol).

in particutar, the co-incubation of the antibody according to the invention with amvlioid
monomeric peptides is carried out for 24 hours to 80 hours, particularly for 30 hours o
50 hours, more particutarly for 48 hours at a temperature of between 28°C and 40°C,
particularly of between 32°C and 38°C, more particularly at 37°C.

In another embodiment the present invention provides an antibody, particularly a
monocional antibody, including any functionally equivalent antibody or functional parts
theraof which antibody, upon co-incubation for 48 hours at 37° C at a molar
concentration ratio of 1:100 with an amyloid monomeric peptide, specifically a B-amyloid
monomeric peptide such as, for example, AR monomeric peptide 1-39; 1-40, 1-41, 1-42,
or 1-43, but especially a APs4» monomeric peptide, is capable of inhibiting the
aggregation of the amyloid monomers, particularly the aggregation of B-amyioid
monomernic pepfides such as, for example, AB monomeric pepiides 1-39; 1-40, 141, 1-
42, or 1-43, bul especially of the ABis; monomeric peptide into high molecular
polymeric fibrils or fitaments by at least 85%, particularly by at least 89% and more
particularly by at least 925% as compared to the respactive amyloid peptide monomers
incubated in buffer (control).

In a specific embodiment, the invention provides an antibody, particutarly 2 monocional
anfibody, including any functionally equivalent antibody or functional parts thereof,
which exhibits high specificity to AR monomeric péptides but shows essentially no or
only minot cross-reactivity 1o ABr.as, ABsas, ABwac, andfor ABi4y monomeric peptides,
particulary an antibody, but especially & monoclonal antibody, including any functionally
equivalent antibody or functional parts thereof, which antibody is up to 100 fold,
particuiarly 50 to 100 fold, more particularly 80 to 100 fold, but especially 100 fold more
sensitive to amyioid peptide A 4 as compared 10 ABi.as, AB1.as, ABius, AB1u and up
to 1000 fold, particularly 500 to 1000 fold, more particularly 800 to 1000 fold, but
especially 1000 fold more se«:«nsitive'te amyloid peplide ARz as compared to Ay,
and thus capable of inhibiting, in vifro and in vive, the aggregation of amyloidogenic
menomeric peptides, but especially of amyloid peptide AR
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in another specific embodiment of the invention an antibody, particularly a monocional
antibody, including any functionally eguivalent antibody or functional gﬁaris thereof,
which has a high binding sensitivity to amyioid peptide ABysx and is capable of
detecting AR+, fibers in a concentration of down 1o at least 0.001 pg, but parficutarly in
a concentration range of between 0.5 pg and 0.001 ug, more particularly between 0.1
pg and 0,001 pg, but especially in a concentration of 0,001 pg.

in a very specific embodiment of the invention an antibody is provided, particularly a
monocional antibody, including any functionally equivalent antibody or functional parts
thereof, which antibody is capable of detecting ARy fibers down io a2 minimal
concentration of 6.001 pg and ABgp ﬂbers down to a minimai concentration of 0.1 ug
and ABy.z fibers down to a minimal concentration of 1 pug amount of fibers.

Binding of the antibodies according to the invention and as described herein before to
amyloidogenic monomeric peplides but, particularly, fo the amyloid form (1-42) leads fo
ilnhibition of the aggregation of monomeric amyloidogenic peplides fo high molecular
fibrits or filaments. Through the inhibiion of the aggregafion of amyioidogenic
monomeric peptides the antibodies according {o the present invention are capabie of
preventing or slowing down the formatiion of arﬁyioid plagues, particularly the amyloid
form (1-42), which is know to become iﬂnsc-ﬂub!e by change of secondary conformation

and to be the major part of amyloid plagues in brains of diseased animals or humans.

The aggregafion inhibition pofential of the antibody according to the invention may be
determined by any suitable method known in the art, particuiarly by density-gradient
ultracentrifugation followed by a SDS-PAGE sedimentafion analysis on & preformed
gradient and/or by a thioflavin T {Th-T) flucrescent assay.

The present inveniion further provides antibodies which, upon co-incubation with
preformed high molecular polymeric amyioid fibrils or filaments formed by the
aggragation of amyloid monomeric peptides, specifically B-amyiold monomeric peplides
such as, for example, AB monomeric peplides 1-38, 140, 141, 1-42, or 143, but
especially ABis monomeric peptides, are capable of disaggregating said high
molecular polymeric amyloid fibrils or filaments.
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tn another embodiment of the invention an antibody Is provided, but especially a
monoclonal antibody including any funclionally eguivalent antibody or functional gérts
thereof, which antibody, upon co-incubation at & molar concentration ratio of up 1o 1:100,
more particularly at a molar concentration ratio of betwsen 130 and 1:100, but
especially at a molar concentration ratic of 1:100, with preformed high molecular
polymeric amyloid fibrils or fitamenis formed by the aggregation of amyioid monomeric
peplides, parficularly B-amyloid monomeric peplides such as, for example, AB
monomeric peptides 1-39; 140, 1-41, 142, or 143, but especially AB:4> monomeric
peptides, is capable of disaggregating the prefarmed polymeric fibrits or filaments by at
teast 35%, particutarly by at least 40%, more particularly by at izast 50%, even more
particularly by at lzast 60%, but especizally by at ieast 70% or more,

fn particuiar, the antibody according to the invention is co-incubated with amyloid
preformed high molecular polymeric amyioid fibrils or filaments for 12 hours to 38 hours,
p'arifcuiariy for 18 hours to 30 haurs, more particularly for 24 hours at a temperature of
between 28°C and 40°C, particularly of between 32°C and 38°C, more particularly at
37°C.

in 2 specific embodiment thé present invenfion provides an antibody, particularly a
monoclonal antibody, including any functicﬁnafly equivalent antibody or functional parts
thereof, which antibody, upon co-incubation for 24 hours at 37° C at a2 molar
concenfration ratio of 1:100 with preformed high molecular polymeric amyioid fibrils or
filamenis formed by the aggregation of amyloid monomeric peptides, particularly B-
amyloid manomeric peptides such as, for example, Ap monomeric peptides 1-39; 140,
1-41, 1-42, or 143, but especially ABi.; monomeric peplides, Is capable of
disaggregating said preformed high molecular polymeric amyloid fibrils or filaments by
at least 35%, particularly by at least 40%, more particularly by atf ieast 50%, even more
particularly by at least 0%, but especially by at least 70% or more as compared o the
raspective preformed amyioid polymeric fibrils or flaments incubated with a controf
vahicle (amyloid alone) (conirof),

The disaggregation potential of the antibody according to the invention may be
determined by any suitable method known in the art, particularly by density-gradient
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uliracentrifugation followed by a SDS-PAGE sedimentation analysis on a preformed

. gradient and/for by a thioflavin T (Th-T) flucrescent assay,

The present invention further provides antibodies or functional parts thereof which ars
corformationally sensitive.

In a further embodiment of the invention an antibody is provided, but especiaily a
monocionai antibody including any functionally equivalent antibody or functional paris
thereof, which antibody, upon co-incubation with preformed high molecular polymeric
amyloid fibrils or filaments formed by the aggregation of amyloid monomaeric peptides,
particularly B-amyloid monomeric peptides such as, for example, AR monomeric
peplides 1-39; 140, 141, 142, or 1-43, but especially AB.4> monomeric peptides, is
capabie of inducing a transition of the B-sheet conformation towards an o-helix and/or a
random coll conformation, but particularly a random coil conformation, even more
particutarly a %af}dom coil conformation at a given location in the molecule, éspecial[y in
the environment of Val12 of the AB protein, which leads fo an increase of the random
coit conformation at the expense of the B-sheet conformation and an improved
solubilization of the preformed high molecutar polymeric amyioid fibrils or filaments. In
parficular the decrease of the B-sheet conformation amounts to at ieast 30%,
particularly to at least 35%, and more paddicularly to at least 40% and more as
compared to the respective preformed amyloid polymeric fibrils or filaments incubated in
buffer {controf}.

in particular, the antibody according to the iﬂvanﬁon is co-incubated with amyloid
preformead high molecular polymeric amyloid fibrils or filaments for 12 hours to 38 hours,
particularly for 18 hours to 30 hours, more particularly for 24 hours at a temperature of
betwesn 28°C and 40°C, particularly of between 32°C and 38°C, more particularly at
37°C.

in particidar, the present invention provides an antibody, particularly a monoclonal
antibody, including any functionally equivalent antibody or functional parts thereof,
which antibody, Upon co-incubsation for 24 hours at 37° C at a molar conceniration ratio
of 1:100 with preformed high molecular polymeric amyloid fibrils or filaments formed by
the aggrégation of amyloid monomeric peplides, particularly B-amylold monomeric
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peptides such as, for example, AR monomeric peptides 1-38; 1-40, 1-41, 1-42, or 1-43,

but especiaily ABi4z monomeric peptides, is capable of inducing a transifion of the -
sheet conformation towards an o-helix andfor a random coll conformation, but
particularly & rendom coil conformation, even more parlicularly a random coll
conformation at a given location in the moleculs, especially in the environment of Vali2
of the AB protein, which leads fo an increase of the random coll conformation at the
expense of the B-sheet conformation, with the latter being reduced by at least 30%,
parficularly by at least 35%, and more particuiarly by at least 40% and more as
compared to the respective preformed amyloid polyrmeric fibrils or filaments incubated in
buffer {controf).

The antibody’s poteniial in inducing a conformational transition may be determined by
any suttable method known in the ar, pariicularly by solid state 13C NMR spectroscopy
but, in particular, by measuring the integral intensities of the conformafions of Vai 12 CB
in the AR peptide, particularly the A peptides 1-39; 1-40, 1-41, 142, or 143, but
especially in the A4 monomeric peptide.

Through the disaggregation of amyioidogenic polymeric fibrils or filaments the
antibodies according to the present inveniion are capable of preventing or slowing down
the formation of amyloid plagues which leads fo an alleviation of the symptoms
associated with the disease and a delay or reversal of its progression.

Accordingly, it is a further embodiment of the invention to provide an antibody, -
particularly a monocional antibody, including any functionally eguivalent antibady or
functional parts thereof as described herein before, which antibody is capable of
decreasing the fotal amouni of AB in the braih of an animal, particularly 2 mammal, but
especialy a human suffering from a disease or condilion leading o increased
conceniration of AR in the brain.

in another embodiment of the invention an antibody, particularly 2 monoclonal antibody,
thcluding any funcionally equivalent antibody or funclional parts thereof as described
herein before is provded, which antibody is capable of disrupting plagues thus
decreasing the plaque iocad in the brain of an animal, particularly 2 mammeal, but
especially a human suffering from a disease or condition leading o an increased plague
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ioad in the brain, The antibody according to the invention including any functionally

equivalent antibody or functional parts thereof decreases the plague foad in the brain by
at least 20 %, particularly by at lsast 25%, more particularly by at least 30%, even more
particularty more than 30%.

in still another embodiment of the invention an antibody, particularly 2 monoclonal
antibody, including any functionally equivalent antibody or functional parts thereof as
described herein before is provided, which antibody is capable of solubifizing piagues
leading to a reduction of the amount of plagues in the brain of an animal, particularly a
mammal, but especially a human suffering from a disease or condition leading to an
increésad plague load in the brain, The antibody acceording to the invention including
any functionally equivalent antibody or functional parts thereof reduces the amount of
plagues in the brain by at least 10 %, particularly by at ieast 15%, more particularly by
at least 20%.

It is to be understood that the antibody according to the invention can exhibit one, two or

more of the specific properiles described herein before in various combinations.

ror exampie, in one embodiement, the present invention provides antibodies, but
especially monocional Vanﬁbod'ies ‘including any functionally equivalent antibody or
functional parts therecf, which antibodies are bifunctional in that they sxhibit both an
aggregation inhibition property as well as a disaggregation properly as defined herein
before, particularly paired with a high degree of conformational sensiiivity.

in still another embodiment of the invention a bifunctional antibody is providad including
any 'funcﬁomaily equivalent antibody or functional parts thereof, but especially a
bifunctional monoclonal antibody including any funciionally eguivalent antibody or
functional paris thereof, which antibody, upon co-incubation with amyioid monomeric
pepfides, parficularly B-amyioid monomeric peplides such as, for example, AR
monomeric peplides 1-39; 1-40, 1-41, 142, or 1-43, but especially AB+.4 monomeric
peptides, inhibits the aggregafion of the AR menomers into high molecular poltymeric
fibrifs or filaments and, in addition, upon co-incubation with preformed high molscular
polymeric amyloid fibrils or filaments formed by the aggregation of amyloid monomeric
peplides, particularly B-amvicid monomeric peplides such as, for example, AB
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monomeric peplides 1-39, 140, 1-41, 1-42, or 1-43, but especially AB«4> monomeric

peptides, is capable of disaggregating the preformed polymeric fibrils or filaments.

In a specific embodiment of the invention the co-incubation of the bifunctional antibody
according to the invention, but especiaily of the bifunctional monoclonal antibody
according 1o the inveniion with amyloid monomeric peptides and preformed high
molecuiar polymeric amyloid flbrils or filaments, respectively, takesl pltace at a molar
conceniration rafio of up fo 1:100, particularly at a ratio of betwsen 1:30 and 1:100, and
more paticularly at a ration of 1:100.

in particular, the co-incubation of the antibody according fo the invention with amyioid
monomeﬁc peptlides is carried out for 24 hours to 80 hours, particularly for 30 hours to
50 hours, more particularly for 48 hours at a temperature of betwean 28°C and 40°C,
particularly of between 32°C and 38°C, more particularly at 37°C, wheraas the co-
incubation with amyloid preformed high molecutar polymeric amyloid fibrils or filaments
is carried out for 12 hours fo 36 hours, particularly for 18 hours fo 30 hours, more
-particularly for 24 hours at a temperature of between 28°C and 40°C, particularly of
betwsen 32°C and 38°C, more particularly at 37°C.

tn still another specific embodiment of the invention the bifunctional antibody according
-to the invention, parficularly the bifunctional monaclonat antibody according to the
invention, including any functionally equivalent antibody or functional paris thereof, is
capabie of disaggregating the preformed polymeric fibrils or filaments by at least 10%,
particularly by at least 25%, more particularly by at least 35%, even more particularly by
at least 50%, but especially by at ieast 80 - 70% or more.

in still another specific embodiment of the invention the bifunctional antibody according
to the invention, parficularly the bifunctional monocional antibody actording to the
invention, including any funclionally equivalent antibody or functional paris thereo,
inhibits the aggregation of amviold monomeric peptides, particularly B-amyloid
monomeric peplides such as, for example, AR monomeric peptides 1-39; 140, 1-41, 1-
42, or 1-43, but especially AB._y» monomeric peplides by at least 50%, paricularly by at
least 865%, more particularly by at least 76%, even more particularly by at ieast 80%, but



26
especially by at least 85-00%, or more as compared fo the respective amyloid peplide

maonomers incubated in buffer (control).

in particular, the present invention provides an antibody, parficularly a bifunctional
antibody, but especially a monoclonal antibody, particularly a bifunctional monoclonal
antibody, including any functionally equivalent antibody or functional parts thereof,
which antibody mediates inhibition of polymerization of amyloid monomeric peptides,
specifically B-amyioid monomeric peplides such as, for exampie, AR monomeric
peptides 1-39; 1-40, 1-41, 142, or 143, but especially AR monomeric peptides
and/or induces solubilization of preformed high molecular polymeric amyloid fibrils or
filaments formed by the aggregation of amyloid monomeric peplides, particularly 3-
amylold monomeric beptides such as, for exampie, A monomeric peptides 1-39; 1-40,
141, 1-42, or 143, but especially AB4; monomaeric peplides, through specific and
direct binding of the antibody fo the AB fibers, which leads fo a transition of secondary
conformation, ‘

The present invention further provides an aniibody, particutarly a bifunctional antibody,
but especially a monocional antibody, paricularly a bifunctional menoclonal antibody,
including any functionally equivalent antibody or functional parts thereof, which antibody
directly and specifically binds to B-amyloid fibers such as, for example, fibars
comprising A monomeric peptides 1-38; 140, 141, 142, or 1-43, but especially to
fibers comprising ARs«2 monomeric pepfides and/or induces solubilization of preformed
high molecular polymeric amyioid fibrils or filaments formed by the aggregation of
amyloid monomeric peptides, particutarly Bmamy!oid monomeric peptides such as, for
example, AR monomeric peptides 1-39; 140, 141, 1-42, or 1-43, but especially AB.4
monomeric paptides, by targefing and specifically binding fo an epitope within an
epitopic region of the B-amyloid protein, particularly an epitopic region of the AB
polypeptide confined by amino acid residues aaq-aan, with it being an integer between 2
and 18, particularly between 5 and 18, more particularly between 8 and 16, even more
particularly between 10 and 18 and m being an integer between 3 and 25, particularly
between 3 and 23, particularly between 3 and 20, pariicularly bstween 3 and 17,
particularly between 6 and 17, more particularly betwsen 9 and 17, even more
particutarly between 11 and 17, whearein n and m cannot be idenfical numbers and n
must always be a smaller number than m, with the difference between n and m 22,
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In a specific embodiment of the invention, n is an integer between 13 and 15, but
espacially 14 and m is an integer between 22 and 24, but especially 23.

The binding of the antibody according to the invention may induce a conformational
transition in said protein, particularly a transition of the f-sheet conformation fowards an
a-helix and/or a random coll conformation, but particularly a random coil conformation,
even more particularly & random coil conformation at a given location in the molecule,
particularly in the environment of Val12 of the AB protein.

in a further embodiment, the invention provides an antibody, particujarly 2 monocional
anfibody, inciuding any functionally equivalent antibody or funclional parts thereof,
which anfibody incorporates at least one of the propertiss mentionsd herein before and
selected from the group consisting of aggregation inhibition, disaggregation, induction of
conformational fransition, recognition of and direct binding to an epitope, particularly a
conformational discontinuous epifope in the 14-23, particularly in the 14-20 region,
preventing or slowing down the formation of amyloid plagues, decreasing the total
amount of soiuble AR in the brain, decreasing the plague load in the brain, reducing the
amount of plagques in the brain, retaiﬁing or increasing cognitive memory capacity, but
especially a combination of two or more of said properties.

In specific embodiment, the invention relates to an antibody, particuiarly a monocional
antibody, including any functionally equivaient antibody or funcfional parts thereof,
which antibody incorporates at Isast 2, particularly at least 3, more particularly at least 4,

even more particutarly at least 5, 8, 7 or 8, but especially alf of the above mentioned
properties,

in & spacific embodiment, the invention provides an antibody, particularly a bifunctional
antibody, but especially a monocional antibody, particularly a bifunctional monocional
antibody, including any functionally equivalent antibody or funcional parts thereof,
which exhibits high specificity to ABs4, monomeric peptides but shows essentially no or
only minor cross-reaciivity 1o AB.as, ABiss, AR, andfor AR«4+ monomeric peptides,
particulary an antibody, but especially a monoclonal antibody, including any functionally
squivalent antibody or functional parts thereof, which antibody is up fo 100 foid,
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particularly 50 to 100 fold, more particularly 80 to 100 fold, but especially 100 fold mors

sensitive to amyloid peptide ARz as compared to ABras, ABiag, ABsan, ABigsand up
to 1000 fold, particularly 500 to 1000 fold, more particularly 800 fo 1000 foid, but
especially 1000 fold more sensifive to amyloid peptide AB+.4z as compared o ABi.as,
and thus capable of inhibiting, in vifro and in vivo, the aggregation of amyloidogenic
monomeric peplides, but especially of amyloid peptide AB4

tn another speciiic embodiment of the invention an antibody, particularly a bifunctional
antibody, but especially 2 monocional aniibody, particularly a bifunctional monocional
antibody, including any functionally equivalent antibody or functional paris thereof,
which has & high binding affinity to amyioid peptide ABy4; and is capable of detecting
ABi42 fibers in a concentration of down to at least 0.001 pg, but particularly in a
" concentrafion range of between 0.5 ug and 0.001 pg, more particularly betwesn 0.1 yg
and 0.001 pg, but especially in a concentraion of 0.001 ug.

in a very speciiic embodiment of the invention an antibody is provided, particularly a
bifunctional antibody, but especially & monccional antibody, particularly a bifunctional
monoclonal antibody, including any functionally equivalent antibody or functiona! parts
thersof, which antibody is capable of detecting ARy, fibers down to a minimal
concentration of 0.001 pg and AR« fibers down to a minimat concentration of 0.1 ug

and AB..as fibars down o a minimal concentration of 1 g amount of fibers.

In one specific aspect , the invention relates to an antibody or a fragment thereof, which
recognizes and binds fc at least one distinct binding site, particularly o a least two
distinct binding sites on the B-amyloid protein.

in a specific embodiment, the invention relates te an antibody including any functionally
eqﬁ%vakan‘t antibody or functional parts thereof which antibody recognizes and binds to
at least one disiinct binding site, particularly to a least two distinct binding sites on the B-

comprise at ieast one aminoc acid residue and at least two consecutive amino acid
residues, respeciivaly, predominantly involved in the binding of the antibody, wherein, in
a speciiic embodiment of the invention, the at least one residus comprising the first
distinct binding site is Leu and the al least two consecutive amine acid residuss,
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comprising the second distingt binding site, are ~Phe-Phe- embedded within the

foliowing core sequence:

— Xaay ~ Xaay ~ Xas; - Ley -Xag, - Phe — Phe ~ Xass~ Xasg~ Xaay -
wherein
Xaayis an amino acid residue selected from the group comprising Hig, Asn, Gin Lys,
and Arg;
Xaay s an amino acid residue selected from the group comprising Asn and Gin:
Xaazls an amino acid residue selected from the group comprising Lys, His, Asn, Gin
and Arg
Xaa, s an amino acid residue selected from the group comprising Ala, Val, Leu,
notleucine, Met, Phe, and lie;
Xaasis an amino acid residue selected from the group comprising Ala, Val, Leu, Ser
and llg;
Aaag is an amino acid residue selected from the group comprising Glu and Asp,

Xaay is an amino acid residue selected from the group comprising Glu and Asp.

In particular, an antibody or a fragment thereof is provided, which recognizes and binds
to at least one distinct binding site, particularly to a least two distinct binding sites on the
f-amyloid protein wherein the said at least one or said at east two distinct binding sites
comprise at least one amino acid residue and at least two consecutive amino acid
residues, respectively, predominantly involved in the binding of the antibody, wherein, in
a speciﬁ'c embodiment of the invention, the at ieast one residue constituting the first
distinct binding site is Leu and the at least twe consecutive amino acid residues,
constituting the second distinct binding site, are —~Phe-Phe- embedded wihin the
following core seguence:
— Xaay ~ Xaap - Xaa; — Leu -Xaa, ~ Phe — Phe - Xaa; - Xaa;— Xasr —
wherein
Aaayis-an amino acid residue selected from the group comprising His, Asn, Gin Lys,
and Arg;
Xaazls an amino acid residue selected from the group comprising Asn and Gin;
Xaazls an amino acid residue sslected from the group comprising Lys, His, Asn, Gin
and Arg
Xaazsis an amino acid residue seiecied from the group comprising Ala, Val, Leu,
norisucine, Met, Phe, and llg;
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- Xaasis an amine acid residue selected from the group comprising Ala, Val, Leu, Ser

and le;
Hagg is an amino acid residue selected from the group comprising Glu and Asp,
Xasy is an amino acid residue selected from the group comprising Giu and Asp.

in another embodiment of the invention, an antibody or a fragment thereof is provided,
wherein

Xaaq s His or Arg, but particutarly His;

Xaazis Gin or Asn, bui particularly Gin;

Xaazis Lys or Arg, but particularly Lys

Xaayis Val or Leu, but particularly Vaf;

Xaa;z is Ala or Val, but particularly Ala;

Xaas ts Glu or Asp, but particularly Glu; and

Xazy is Asp or Giu, but particularly Asp.

In another aspect, the Invention relates to an antibody or a fragment thereof, which
recognizes and binds fo at least one distinct binding - site, particularly fo a least two
gistinct binding sites, more particularly to al least three distinct binding sites on the -
amyioid protein, wherein said one or the at least two or the at least three distinct binding
siies each comprise at least one, particularly at least two consecufive amino acid

residues predominantly invoived in the binding of the antibody.

In pariicular, the antibody or & fragment thereof according to the invention binds io at
" least two distinct binding sites on the B-amyloid protein, wherein said at least two
distinet binding sfies each comprise at least ftwo consecutive amino acid residues
predominantly involved in the binding of the antibady, wherein said at least {wo distinct
binding sitss are located in close proximity to each other on the anfigen, separated by at
least one amino acid. residue not involved in antibody binding or to a significantly
smalier extent as compared fo said at least two consecutive amino acid residues, thus
forming a conformational discontinuous epitope.

in another embodiment of the Invention, an antibody or a fragment thereof according o
the invention is provided, which recognizes and binds fo at least one distinet binding site,
parficularly fo a least two distinct binding sites, more particularly to at ieast three distinct



o 25
binding sites on the B-amyloid protein wherein said distinct binding sites comprise at

least one and at least two consecutive amino acid residues, respectively, praedominanily
involved in the'binciing of the antibody, wherein the at least one and the at least two
consecutive amino acids, which are separated by at least one amino acid residus not
involved in antihody binding or 1o a significantly smaller extent as compared o the
amino acid residues predominantly invelved in the binding of the aniibody, are -His- and
-Lys-Leu-, respeciively, embedded within the following core sequence:
— His —~Xaz; - Lys - Leu - Xaas— Xaa,— Xaas—Xaas- — Xaay — Xaag ~ wherein
Xaapis an aming acid residue selected from the group comprising Asn and Gin;
Xaaz is an amino acid residue selected from the group comprising Ala, Vai, Leu,
norieucing, Met, Phe, and lie;
Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,
norleucing, Met, Phe, and lle '
Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,
norleucine, Met, Phe, and lie '
Xaagis an amino acid residue selected from the group comprising Ala, Val, Leu, Ser
and iig;
Xaay is an amino acid residue selected from the group comprising Glu and Asp,
Xaag is an amino acid residue seiected from the group comprising Glu and Asp
and wherein said amino acid residues Xaa, Xaas, Xaag Xaa; Xaag, are not involved
in anfibody binding or fo a significantly smaller extent as compared to the —His- and
the -Lys-Leu- binding sife.

In another embodiment, an antibody or a fragment thereof is provided, which recognizas
and binds to at least one distinct binding site, particularly o a ieast two distinet binding
sites, more particularly to af jeast three distinct binding sites on the B-amvyloid protein
wherein said distinct binding sites comprise at least one and at least two consecutive
&mino acid residues, respectively, predominantly involved in the binding of the antibody,
~wherein the at least two consecutive amino acid residues representing a first binding
sie are -Phe-Phe- and the at least one amino acid residue is ~His- embedded within
the following core sequence:

— Xaa; ~ His — Xaa; — Xaa, — Xaas ~ A8ag - Phe — Phe - Xaa, ~ Xaag - Xagg —,

wherein |
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Xaa is an amino acid residue selected from the group comprising His, Asn, Gin, Lys

and Arg

Xaas is an amine acici. residue selected from the group comprising Asn and Gin
Kaasis an amine acid residue selected from the group comprising His, Asn, Gin, Lys
and Arg

Xass is an amino acid residue sslected from the group comprising Ala, Val, Leu, Ser
angd He;

Xaag is an amine acid residue selected from the group comprising Ala, Val, Leu and
I

Xaay is an amino acid residue selected from the group comprising Ala, Val, Leu and

fie

e

Xaas is an amino acid residue selected from the group comprising Giu and Asp,
Xaag is an amino acid residue selected from the group comprising Giu and Asp, and
wherein said amino acid residues Xaaq, Xaas Xaag Xaay Xaag and Xaag are not
involvaed in antibody binding or to a significantly smaller extent as compared to the
His and the —Phe-Phe- hinding site.

In a specific embodiment of the invention, the first of at least two consscufive amino
acid residues predominantly involved in the binding of the antibody involve ~Lys- and —
Leu-, and the second of the at least two consecutive amino acid residues involve —Phe-
FPhe- embedded within the foliowing core sequence:
-~ Xaaq — Xaay — Lys — Leu — Xaa, —~ Phe — Phe - Xaa; — Xaas — Xaar —
whergin
Xaaqis an amino acia residue selected from the group comprising His, Asn, Gin Lys,
and Arg; '
Xaazz s an amino acid residue selected from the group comprising Asn and Gin;
Xaze 1S an amino acid residue selecied from the group comprising Ala, Val, Leu,
norleucine, Met, Phe, and lig;
Xaas is an amino acid residue selected from fhe group comprising Ala, Val, Ley, Ser
and e,
Haag s an amino acid residue selected from the group comprising Glu and Asp,
Kaay is an amino acid residue selected from the group comprising Glu and Asp, |

and wherein said amino acid residues Xaa; Xas;, Xaas, Xass Xaes Xas; are not
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involved in antibody binding or to a significantly smaller extent as compared to the ~

Lys-Leu and the —Phe-Phe- binding site.

in another embodiment of the invention, an antibody or a fragment thereof is provided,
wherein

Xaay is His or Arg, but particularly His;

Xaay is Gin or Asn, but particularly Gim;

Xaay is Val or Leu, but particularly Vai;

Xaas is Ala or Val, but particularly Ala;

Xaag is Glu or Asp, but particuiarly Giu; and

‘Kaay is Asp or Glu, but particularly Asp.

in & further embodiment of the invention, the antibody or a fragment thereof according
to the invention binds to at least three distinct binding sites on the B-amyloid protein
wherein said at least three distinct binding sites comprise at least one amine acid
residus and at least two consecutive amino acid residues, respectively, which residues
are predominantly involved in the binding of the antibody, wherein said at least three
distinct binding sites are located in close proximity to each other on the antigen,
separated by at lzast one amino acid residue not involved in antibody binding or to a
significantly smaller extent as compared fo said at ieast one aminc acid residue and
said at lsast two consecutive amino acid residues, respectively, thus forming a
corformational discontinuous epitope.

in a specific embodimant of the invention, the first of the at least two consecutive amino
acid residues predominantly involved in the binding of the antibody involve —Lys-Leu-,
and the second of the at least two consecutive amino acid rasidues invoive —Phe-Phe-,
and the third af least one amino residue involves -His- embedded within the following
core seguence!
—His — Xaag - Lys ~ Leu -Xza, ~ Phe — Phe — Xaas — Xags— Xaar -
wherain
Xaa,is an amino acid residue selected from the group comprising Asn and Gin;
¥aza, is an amino acid residue selected from the group comprising Ala, Val, Ley,
norieucing, Met, Phe, and lig;
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Xaay s an amino acid residue selected from the group comprising Ala, Val, Leu, Ser

and lie;

Xaag Is an amino acid residue selected from the group compnsing Glu and Asp,
Xaay is an amino acid residue selected from the group comprising Glu and Asp, and
wherein said amino acid residues Xaa, Xaa,, Xaa, Xaas, Xsas Xaar are not involved
in antibody binding or to a significantly smaller extent as compared to the —His-, the -
Lys-Leu, and the —Phe-Phe- binding site.

In another embodiment of the invention, an antibody or a fragment thereof is provided,
wherein

Aaayis Gln or Asn, but particularly Gin;

Xaaqis Val or Leu, but particularly Val;

Xaasis Ala or Val, but particularly Ala;

Xaag is Glu or Asp, but parficularly Giu; and

Xazy s Glu or Asp, but pérticuEarly Asp,

In a specific embodiment of the invention, the first of the at ieast two consecutive amino
acid residues predominantly involved in the binding of the antibody invelve —Lys-Lau.,
and the second of the at ieast two consecutive amino acid residues involve —Phe-Phe-,
and the third at least one amino residue involves -Asp- embedded within the following
core sequence;
~ Xaas - Xag; ~ Lys — Leu -Xaas — Phe — Phe — Xaas - Xags — Asp, —
wherein
Xaay s an amino acid residue selected from the group comprising His, Asn, Gin Lys,
and Arg;
Xaayis an amino acid residue selected from the group comprising Asn and Gin;
Xaae s an amino acid residue selected from the group comprising Ala, Val, Lau,
norleucing, Met, Phe, and lig;
Aaas is an amino acid residue selected from the group comprising Ala, Val, Lau, Ser
and lie; '
Xaag is an amino acid residue sslected from the group comprising Glu and Asp, and
wherein said amino acid residues Xaa, Xaa,, Xaay Xaas Xaas Xaar are not invoived
in antibody binding or {o & significantly smaller extent as compared fo the ~Asp-, the
~Lys-Leu, and the —~Phe-Phe- binding site. ‘
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In ancther embodiment of the invention, an antibody or a fragment thersof is provided,
wherain

Xaas is His or Arg, but particularly His;

Xaszis Gin or Asn. but particularly Gin;

Xaayis Val or Leu, but particularly Val;

Xaagis Ala or Val, but particularly Ala; and

Xaag is Glu or Asp, but particularly Glu

in a further specific embodiment of the invention, an antibody or a fragment thereof
according to the invention s provided, which binds to 4 distinct binding sites on the 8-
amyloid protein wherein said 4 distinct binding sites comprise one amino acid residue
and two consecutive amino acid residues, respectively, which residues are
predominantly involved in the binding of the antibody, wherein said 4 distinct binding
sites are located in close proximity to each other on the antigen, separated by at least
one amino acid residue not involved in antibody binding or to a significantly smalier
extent as compared to said one amino acid residue and said two consecutive amino
acid residues of the 4 distinct binding sites thus forming a conformational discontinuous
epitope, |

in particutar, the first of the two consecutive amino acid residuss predominantly involved
in the binding of the antibody are -Lys-Leu- and the sscond of the at least two
consecutive amino acid residues are ~Phe-Phe-, the first of the single amino residuss is
-His- and the second of the single amino residues is -Asp- embedded within the
foliowing core sequence: |
~ His — Xaay ~ Lys ~ Leu -Xaa, ~ Phe — Phe ~ Xaas - Xaas— Asp, —
wherein _
Xazz is an amino acid residue selected from the group comprising Asn and Gln;
Xaa, is an amino acid residue selected from the group comprising Ala, Val, Lau,
noreucine, Met, Phe, and lle;
Xaasis an amino acid residue selected from the group comprising Ala, Val, Leu, Ser
and lle;
Xagg is an amino acid residue selected from the group comprising Glu and Asp, and

wherein said aming acid residues Xaay Xaas, Xaa Xaas Xaas Xaay are not involved
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in antibody binding or to a significantly smaller extent as compared o the ~His-, -

Asgp-, the -Lys-Leu, and the —Phe-Phe- binding site.

In a specific embodiment of the invention, the recognition and binding sites as defined
herein before are forming a conformational discontinuous epitope localized in a region
of the B-amyloid protein between aminc acid residue 12 o 24, particularly betwesn
residues 14 fo 23, more particularly between amino acid residues 14 and 20, wherein
the three distinct recognition and binding sites comprising 1 and 2 amino acid residues,
respectively, are located at position 18, 17, and at position 18 and 20, and at position 14,
respectively, which residues are predominantly involved in the bindihg of the B-arnyloid
protein and wherein said three distinct recognition and binding sites are separated by
one amino acid residue located at position 15 and 18, respectively, which amino acids
are not involved in the binding of the anfigen or, at least, to a substantially smaller
extent.

in a specific embodiment, said consecutive amino acid residues, particulardy ~Lys-Lau-
at position 16 and 17 and -Phe- Phe- at position 18 and 20, which are predominantly
involved in the binding of the B-amyloid protein, are embedded into the following core
region:

Val— His~ His~ GIn— Lys- leu~ Val- Phe- Phe- Ala~ Glu- Asp
12 13 14 15 18 17 18 19 20 21 22 23

in a further specific embodiment, said consecutive amino acid residues, particularly -~
Lys- at position 18, -Leu- at position 17 and -Phe- Phe- at po.sition 18 and 20, and —His-
at position 14, which are predominantly inveived in the binding of the B-amyloid protein
are embedded into the following core region:

Val- Hig- His~ Gin— Lys- Leu- Val Phe- Phe- Ale~ Glu- Asp-
12 13 14 15 18 17 18 19 20 21 22 23

in & specific embodiment of the invention, the antibody according to the invention is

ratsed against an antigen fragment which doss not contain said distinct binding site.

This shift in the epitopic region may have at least partially been caused by the use of 2
supramoiecular anfigenic construct comprising an anfigenic peptide corresponding o
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the amino acid sequence of the B-amyloid peptide, particulatly of $-amyloid peptlide ABy.

15, modified with a hydrophific moisty such as, for example, polyethylene glycol {PEG),
‘wherein said hydrophilic moiety is covalently bound to each of the termini of the
antigenic paptide through at least one, particularly one or two amino acids such as, for
exampfe, lysine, giutamic acid and cystein or any other suifable amino acid or amino
acid analogue capable of serving 2s a connecting device for coupling the hydrophilic
moiaty to the peptide fragment, as described herein below in the immunization process.
Whean a PEG is used as the hydrophilic moisety, the free PEG termini are covalently
bound to phosphatidylethanolamine or any other compound suitable o function as the
anchoring elemeant, for example, to embed the antigenic construct in the bilayer of a

liposome as described herein,

Also the use of lipid A as part of the immunization protocol may have confributed o a
shift in the epitopic region.

in & specific embodiment of the invention, an antibody Is provided, which comprises the
Light Chain Variabie Region (LCVR) of SEQ 1D NO: 7.

In ancther specific embodiment, the invention relates to the Light Chain Variable Region
(LCVR) of SEQ ID NO: 7.

In still another specific embodiment of the invention, an antibody is provided, which
comprises the Heavy Chain Variable Region (HCVE) of SEQ 1D NO: 8.

in a further specific embodiment, the invention relates fo the Heavy Chain Variabie
Region (HCVR) of SEQ ID NO: 8.

in one embodiment, the invention relates to an antibody, which comprises both the
heavy chain variable region of SEQ ID NO: B and the ligh chain variable region of SEQ
IDNO:T.

Also part of the invention is an antibody comprising & Light Chain Variable Region
(LCVR) or Heavy Chain Variabie Region (HCVR) or beth, a Light Chain Variable Region



32
(LCVR) and & Heavy Chain Variable Region (HGVR) that is homolgous fo any of the

peptides provided in SEQ 1D NO: 7 and 8, respectively.

in particuiar, the invention relates to an antibody or 2 fragment t?’zef’aéf, according o the
present invention and as described herein before wherein the Light Chain Variable
Region {LCVR) has an amino acid sequence that is 80%, 91%, 92%, 93%, 84%, 95%,
06%, 97%, 98% or 28% identical to the sequence given in SEQ ID NO: 7.

Further, the invention relates fo an antibody or a fragment therzof, according fo the
present invention and as described herein before wherein the Heavy Chain Variable
Region (HCVR) has an amino acid sequance that is 90%, 91%, 92%, 93%, 84%, 85%,
96%, 97%, 98% or 88% identical to the sequence given in SEQ ID NO: 8.

Further, tha invention relates to an antibody or a fragment thereof, according to the
present invention and as described herein before wherein the Light Chain Variable
Region (LCVR) and the Heavy Chain Variable Region (HCVR) togsther have an amino
acid sequence that is 85%, 86%, 87%, 88%, B5%, 80%, 91%, 92%, 93%, 84%, 9’3%,
96%, 97%, 98% or 89% identical to the sequance given in SEQ ID NQOs: 7 and 8.

In another specific embodiment, the invention relates o the light chain variable region
which has an amino acid sequence that is 90%, 81%, 82%, 83%, 94%, 35%, 86%, 87%,
88% or 29% identical to the sequence given in SEQ ID NO: 7.

in a further specific embodiment, the invention relates fo the heavy chain variable ragion
which has an amino acid sequence that is 80%, 91%, 92%, 93%, 94%, 85%, 95%, 97%,
898% or 88% identical 1o the sequence given in SEQ 1D NG: 8,

in another embodiment of the invention, a polynuclectide s provided comprising a
nuclectide sequence encoding the antibody according to the invention as described
herein before.

In parficular, the invention relates {o a polynuciectide comprising & nuciectide sequence
encoding an antibody according to the inveniion comprising
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at least the nucieotide sequence of the light chain variable region of SEQ ID

NC: 8 ,

& nucleofide sequence that differ from the nucleotide seguence of {a) in
codon sequence due to the degeneracy of the genefic code

the campiemeniary sequence to (a) and (b) or

a fragment of a nucleotide sequence of (a), (b) or (c) comprising a contiguous
stretch of nucleotides selected from the group consisting of at jeast 20
contiguous nuclectides, at least 25 configuous nuclectides, at least 30
contiguous nuclectides, at least 35 configuous nuclectides, at least 40
configuous nuciectides, at least 45 contiguous nuciectides, and- at lsast 50

contiguous nucleotides,

in ancther embodiment, the invention refates to a polynuclestide comprising a

nucleotide sequence encoding an antibody according to the invention comprising

a)

at least the nucleotide sequence of the fight chain of SEQ iD NO: 10

a nucleotide sequence that differ from the nuclectide seguence of (a) in
codon sequence due o the degeneracy of the genetic cods

the complementary sequence o (a) and (b) or

a fragment of a nucieoctide sequence of (a), {b) or (¢) comprising a contiguous
strefch of nucleotides selected from the group consisting of at least 20
configuous nucleotides, at least 25 configuous nuciectides, at least 30
configuous nucleotides, at least 35 contiguous nucleotides, at least 40
configuous nucleotides, at least 45 configuous nuclectides, and at least 50
contiguous nuclectides, |

tn still another embodiment, the invention relates 1o a polynucleotide comprising a

nucleotide sequence encoding an antibody according o the invention comprising

a)

)

c)
d)

at least the nucieotide seguence of the heavy chain variable region of SEQ ID
NG: 1.

a nucleotide sequence that differ from the nuclectide sequence of (z) in _
cotion sequence due to the degeneracy of the genetic code

the complementary sequence fo (2) and (b) or

a fragment of a nuclectide sequance of (a), (b} or (¢} comprising a contigucus

stretch of nucleotides selecied from the group consisting of at ieast 20
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configuous nucleotides, at least 25 contiguous nucleotides, at least 30

sontiguous nucleotides, at least 35 contiguous nucleotides, at least 40
contiguous nucleofides, at least 45 contiguous nucleotides, and at least 50
contiguous nucleotides.

In still another embodiment, the invention relates to a polynucleotide comprising a

nucleotide sequence encoding an antibody according to the invention comprising

a)

b)

c)
d)

at least the nucleotide sequence of the heavy chain of SEQ ID NO: 12 or o
the complementary sequence

a nucleotide sequence that differ from the nuclectide sequence of {g) in
codon sequence due 1o the degeneracy of the genetic code ‘
the complementary sequence to (&) and (b} or

a fragment of a nucleotide sequence of (a), (b) or {¢) comprising a contiguous
stretch of nucleotides selected from the group consisting of at lsast 20
contiguous nucleotfides, at least 25 configuous nucleofides, at least 30
contiguous nucleotides, at least 35 configuous nucleotides, at jeast 40
contiguous nucleotides, at least 45 contiguous nucleotides, and at least 50

contiguous nucleotides.

Also comprised by the invention is a polynuclecfide comprising

a)

b)

the nucleotide sequence of SEQ ID NO: 9 enceding the light chain variable
region

a nuclectide sequence that differ from the nuclectide sequence of (g) in
codon seguance due fo the degeneracy of the genetic code '
the complementary sequencs fo (@ and (b) or

a fragment of a nucleotide sequence of (a), (b) or {¢}) comprising a
configuous stretch of nucieotides selectad from the group consisting of at
least 20 configuous nuclectides, at least 25 configuous nuclectides, at isast
30 contiguous nuclectides, at least 35 contiguous nuclectides, at least 40
contiguous nucleotides, at least 45 contiguous nuciectides, and at least 50
contiguous nuclectides.

Alst comprised by the invention is a polynuciectide comprising

a)

the nucleotide seguence of SEQ {D NC: 10 encoding the light chain.
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a nuclectide sequence that differ from the nuclectide sequence of (a) in

codon sequence due to the degeneracy of the genefic code

the complementary sequence to () and (b) or

a fragment of a nucleotide seguence of (&), (b) or (¢} comprising &
contiguous siretch of nucleotides selected from the group consisting of at
least 20 contiguous nucieotides, at least 25 contiguous nucleotides, af least
30 configuous nucieotides, at least 35 contiguous nuclectides, at least 40
configuous nuclectides, at least 45 contiguous nucleotfides, and at isast 50

contiguous nucieotides.

Also comprised by the invention is a polynuclectide comprising

a)

b)

¢)
d)

the nucleotide sequence of SEQ 1D NO: 11 encoding the heavy chain vanable
region

a nucleotide sequence that differ from the nucleofide sequence of {(g) in
codon sequence due to the degeneracy of the genetic code

the complementary sequence to (a) and {b) or

a fragment of a nucleotide sequence of {8), (b) or (c) comprising a configuous
stretch of nucleotides selected from the group consisting of at least 20
contiguous nucieotides, at least 25 contiguous nuclectides, at ieast 30
contiguous nucleotides, at least 35 contiguous nucleotides, at lsast 40
contiguous nucleotides, at least 45 contiguous nuclectides, and at least 50

configuous nucleotides,

Also comprised by the invention is & polynucleofide comprising

2)
B}

c)
d}

the nucleofide sequence of SEQ 1D NO: 12 encoding the heavy chain

a nuclsolide sequance that differ from the nucleotide sequence of (8} in
codon sequence due o the degeneracy of the genelic code

the complementary sequence to (a) and {(b) or

a fragment of 2 nucleotide sequence of (g), (b) or (¢} comprising a configuous
strefch of nucleotides selected from the group consisiing of at least 20
contiguocus nuclectides, at least ‘25 contiguous nucleotides, at least 30
contiguous nucleotides, at least 35 contiguous nucleotides, at least 40
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contiguous nuclectides, at least 45 contiguous nuclectides, and at least 50

contiguous nucieotides.

in a further embodimant, the invention relates fo any nuclestide sequence that

hvbridizes to
& a nucieotide sequence according to the invention and as given in SEQ D
NOs: 9, 10, 11 and 12, respectively,
b. a nucleotide seguence that differ from the nucleotide sequance of {(a) in

codon seguence dug to the degeneracy of the genetic code

the complementary sequence o (a) and (b) or

a fragment of a nuclestide sequence of (&), {b) or (¢) comprising a configuous
stretch of nucleotides selected from the group consisting of at least 20
configuous nuclectides, at least 25 contiguous nucleotides, at least 30
configuous nucleotides, at lzast 35 contiguous nucleotides, at least 40
contiguous nucleotides, at least 45 contiguous nucleotides, and af least 50

contiguous nuciestides.

In particutar, the the invention relates to any nucleotide sequence that hybridizes under
conventional hybridization conditions, particulary under stingent hybridi?.étion
conditions, to a nuclectide sequence according fo the invention and as given in SEQ 1D

NOs: 9, 10, 11 and 12, respectively, particularly to the complementary strand thersof.

in a further embodiment, the inveniion relates fo any nucleotide sequence that
hybridizes to 2 nuclectide sequencs according 10 the present invention and as g'iven i
SEQ D NOs: 2, 10, 11 and 12, respectively, particularly to the complementary strand
thersof, under conventional hybridization conditions at which 5x88PE, 1% 850§,
1xDenhardts solufion is used as a solution andfor hybridization temperatures ars
between 35°C and 70°C, preferably 85°C. After hybridization, washing is preferably
carried out first with 2x88C, 1% SIS and subseguently with 0.2x85C at femperatures
betwsen 35°C and 70°C, preferably at 85°C (regarding the definition of SSPE, §8C and
Denhardis solution (see Sambrook &t al. lec. cit.),

in particular, the inveniion relates to any nucleotide seguence that hybridizes o a
nuclectide sequence according to the present invention and as given in SEQ 1D NOsg: 9,
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10, 11 and 12, respectively, particularly {o the complementary strand thereof, under

stringent hybridization conditions as for instance described in Sambrook et al, supra,
more particularty under stringent hybridization condiions where hybridization and
washing ocours at 85°C as indicated above.

in a speciﬁc embodiment the present invention provides an antibody, particularly a
bifunctional antibody, but especially a monoclonal antibody, particularly a bifunctional
monoclonal antibody, including any functionally equivalent antibody or functional parts
thereof, which antibody has the characteristic properties of an antibody produced by a
hybridoma cell line selected from the group consisiing of FP 12H3, FP 12H3-C2, and
FP 12H3-G2 deposited on December 01, 2005 and December 08, 2005, respectively,
as DSM ACC2752, DSM ACC 2750 and DSM ACC2751, respectively.

More particularly, the invention relates fo an antibody inciuding any functionally
equivalent antibody or functiona!l parts thereof produced by hybridoma cell fine FP 12H3,
deposited on December 01, 2005 and December 08, 2005, respectively as DSM
ACC2752,

More particularly, the invention relates to a monoclonal antibody inciuding any
functionally equivalent antibody or functional paris thereof produced by hybridoma cell
fine FP 12H3-C2, deposited on December 01, 2005 and December 09, 2005,
respactively as DSM ACC2750.

More particularly, the invention relaies to a monoclonal antibody including any
functionally eguivalent antibody or functional parts thereof produced by hybridoma celt
line FP 12H3-G2, deposited on December 01, 2005 and December 08, 2005,
respeclively as DSM ACC2751.

in another specific embodiment the present invention provides an antibady, particutarly
a hifunctional aniibody, but especially a monoclonal antibody, particutarly a bifunciional
monoclonal antibody, including any functionally equivalent antibody or functional parts
thereof, which antibody has the characteristic properties of an antibody produced by
hybridoma cell line ET 7E3 deposited on December 08, 2005 as DSM ACC2753,
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More particularly, the invention relates to a monoclonal antibody including any

functionally equivalent antibody or functional pars thereof produced by hybridoma cell
line £T 7E3, deposited on Dacember 08, 2005 a5 DISM ACC2755.

in another specific embodiment the present invention provides an antibody, particularly
a bifunctional antibody, but especially a monoclonal antibody, particularly a bifunctional
monocional antibody, including any funciionally equivalent antibody or functional parts
thereof, which antibody has the characteristic properties of an anfibody produced by
hybridoma cell line EJ 7H3 deposited on December 08, 2005 as DSM ACC2756.

More particularly, -the invention relates to a monoclonal anfibody including any
functionally equivalent antibody or functional parts thereof produced by hybridoma cell
fine EJ 7H3, deposited on December 08, 2005 as DSM ACG2758.

ft is another object of the present invention fo provide methods and compositions
comprising an antibody according fo the invention and as described herein before for
the prevention and/ar therapeutic treatment and/or alieviation of the affects of diseases
and disorders which are caused by or associated with amyloid or amyloid-iike proteins
including amyloidesis, a group of diseases and disorders associated with amyloid
‘plaque formation including secondary amyloidosis and age-refated amyloidesis such as
diseases including, but not limited to, neurolegical disorders such as Alzheimer's
Dissase (AD), including diseases or conditions characterized by s loss of cognitive
memory capacity such as, for exampie, mild cognitive impairment (MC), including
dissases or conditions characterized by a loss of cognitive memory capacity such as,
for example, mild cognitive impairment (MCI), Lewy body dementia, Down’s syndrome,
hereditary cerebral hemorrhage with amyloidosis (Dutch typa): the Guam Parkinson-
Dementia complex; as well as other diseases and conditions which are based on or
associated with amyloid-fike proteins such as progressive supranuclear palsy, multiple
sclerosis; Creutzfeld Jacob dissase, Parkinson's disease, HiV-related dementia, ALS
(amyotropic lateral sclerosis), inclusion-bDody myositis (IBM), Adult Onset Diabetes:
sentie” cardiac amyloidosis; endocrine tumors, and others, including  macular
degeneration, for example, by passively immunizing a human or animal with an
antibody according {o the invention and as described herein before,
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Ancther object of the present invention is to provide a method of using a monoclonal

antibody and/or a functicnal part thereof according fo the invention and compositions
comprising an antibody according o the invention and as described herein befors for
diagnosing and therapeutic infervention of diseases and disorders which are caused by
or associated with amyloid or amyloid-iike proteins including amyloidosis, a group of
diseases and disorders associated with amyloid plague formation inciuding secondary
amyiloidosis and age-related amyioidosis such as diseases inciuding, but not fimited to,
neurologicai disorders such as Alzheimer's Disease (AD), including disesases or
conditions characterized by a ioss of cognitive memory capacily such as, for example,
miid cognifive impaimeant (MC!), including diseases or conditions characterized by a
loss of cognitive memory capacity such as, for example, mild cognitive impairment
{MC1}, Lewy body dementia, Down's syndrome, hereditary cerebral hemorrhage with
amyioidosis (Duich type): the Guam Parkinson-Dementia complex; as well as other
diseases which are based on or associaied with amyloid-iike proieins such as
progressive éupranuclear palsy, mulfiple sclerosis; Creutzfeid .Jacob disease,
Parkinson's disease, HiV-related dementia, ALS (amvyotropic lateral sclerosis),
inclusion-body myositis (IBM), Adult Onsst Diabetes; senile cardiac amyloidosis;
endocrine fumors, and others, including macular degeneration.

tn particular, it is an object of the present invention to provide a method of using a
monocional antibody and/or a functional part thereof according to the invention and
composifions comprising an antibody, particularly a bispecific or bi-effective antibody
but espacially a bispacific or bi-effective monoclonal antibody according fo the invention
and as described herein before for reducing and preveniing the occurrence of

neurotogical disorders, including but not limited to Alrheimer's Disease.

The compositions according to the present invention comprise an antibody, particularly
a bispecific or bi-effective antibody, according {o the invention and as described hersin
before inciuding any functionally equivalent antibody or functional paris thersof,
particularly in a therapsutically effective amount or, more particularly, 2 monocional
antibody, especially a bispecific or bi-effective monocional antibody, according to the
invention and as described herein before including any functionaily equivalent antibody
or functional parts thereof, parficularly in a therapeutically effective amount and,
optionally, a pharmaceutically acceptable carrier and/or a diluent and/or an excipient.
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Parficularly, the composition according to the present invention comprises an antibody,
parficularly a monoclonal anfibody including any functionally equivalent antibody or
functional parts thereo! which antibody i capable of inhibiting the aggregation of
amyloid monomaric peptides, spacifically B-amyloid monomeric peptides such as, for
exampie, AR monomeric peplides 1-39; 140, 1-41, 142, or 143, but especially ABw.e
monomeric peptides, inio high molecular polymeric amyloid fibriis or filaments and,

optionally, a pharmaceutically acceptable carrier and/or a diluent and/or an excipient.

in a further embodiment of the invention a composition is provided comprising an
antibody, particularly al monacional aniibody, inciuding any funclionally equivalent
antibody or functional parts thereof, which antibody, upon co-incubation, particularly
upon co-incubation at a molar concentration ratio of up fo 1:100, more particularly at a
molar concentration ratio of betwsen 1:30 and 1:100, but especiaily at a molar
concentration ratio of 1':1,00, with amyloid monomeric peptides, particularly f-amyloid
monomeric paptides such as, for example, AR mohomeric peptides 1-38; 1-40, 141, 1-
42, or 1-43, but espacially ABy.4, monomeric peptides, inhibits the aggregation of the AR
MONomers intd high molecutar polymeric fisrils or filaments. in pariicular, said inhibition
amounts {o at least 50%, particularly fo at least 85%, more particularly to at least 75%,
sven more palrﬁi;u!a.rly to at least 80%, but especially to at least 85%-90%, or more as
compared to the respective amyloid pepiide monomaers incubated in buffer (controf) and,

optionally, a pharmaceutically acceptabie carrier and/or 2 diluent and/or an excipient.

In particuiar, the co-incubation of the antibody acc'o'rding to the invention with amyloid
monomeric peptides is carried out for 48 hours at a temperature of 37°C.

The aggregation inhibition potential of the antibody according fo the invention may be
detarmined by density-gradient uliracentrifugation followed by a SDS-PAGE
sedimentation analysis on a preformed gradient andfor by a thioflavin T (Th-T)
flucrescent assay.

The present invention further provides a compoesition comprising an antibody which is
capable of disaggregating high molecular polymeric amyloid fibrils or filaments formed
by the aggregation of amyloid monomeric peptides, specifically B-amyleoid monomeric
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peptides such as, for example, AR monomeric pepfides 1-39; 140, 141, 142, or 143,

but especially ABs.g; monomeric peptides and, optionally, 2 pharmaceutically acceptable
carrier and/or a diluent and/or an excipient.

Through the disaggregation of amyloidogenic polymerc fibrils or filaments the
antibodies according 1o the present invention are capable of preventing or slowing down
the formation of amyloid plagues which leads to an alleviation of the symptoms

associated with the disease and a delay or reversal of ifs progression.

in another embodiment of the invention a composition is provided comprising an

- antibody, pariicutarly 2 monoclonal antibody, inciuding any functionally equivalent
antibody or functional parts thereof, which antibody, upon co-incubation at a molar
concentration ratio of between 1:30 and 1:100, particularly at a ratio of 1:100, with
preformed high molecular polymeric amvyloid fibrils or filaments formed by the
aggregatfion of amyloid monomeric peptides, particutarty B-amyloid mohomeric peptides
such as, for example, AB monomeric pepifides 1-38; 140, 141, 142, or 143, but
especially A4 monomeric pepiides, parlicuiarly upon co-incubation for 24 hours at &
temperature of 37°C, is capable of disaggregating the preformed polymeric fibrils or
filaments by at ieast 35%, pariicuiarly by af ieast 40%, more particuiarly by at least 50%,
. ven more pariicularly by at least 60%, but especially by at least 70% or more and,
optionally, a pharmacautically accepiable carrier and/or a diluent and/or an excipient.

The disaggregation potential of the antibody according fo the invention may be
determined by  density-gradient uliracentrifugation followed by a SDS-PAGE
sedimentation analysis on a preformed gradient and/or by a thioflavin T (Th-T)
fluprescent assay.

The present invention further provides a composition comprising an antibody or
functional parts thereof which antibody is conformationally sensitive, particularly in an
effective amount, more particuiarly in a therapeutically effective amoust.

tn = further embodiment of the invention composition is provided comprising an antibody
is provided, but especially 2 monocional antibody, inciuding any funclionally eguivalent

antibody or funclional parts thereof, which antibedy, upon co-incubation with preformed
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high molecular polymeric amyloid fibrils or filaments formed by the aggregation of

amyloid monomeric pepiides, particularly B-amyloid monomeric peplides such as, for
exampie, AB fmnc:meric peplides 1-39; 1-40, 1-41, 142, or 1-43, but espacially AB4
monomeric peptides, particularly upon co-incubation for 24 hours at 2 temperature of
37°C, is capable of inducing & transition of the B-sheet conformation towards an a-helix
and/or & random coil conformation, but particuiarly a random coil conformation, even
more particularly a random coil conformation at a given location in the molecule,
especially in the environment of Vali2 of the AB protain, which leads to an increase of
the random coil conformation at the expense of the B-sheet conformation and an
improved solubilization of the preformed high molecutar polymeric amylioid fibrils or
filaments and, optionally, a pharmaceutically acceptable carrer and/or a diluent and/or
an excipient. in particular the decreass of the -shesat conformation amounts to at least
30%, particularly to at teast 35%, and more particularly to at least 40% and more as
compared {o the respective preformed amyloid polymeric fibrils or filaments incubated in
buffer (conirof). |

The antibody's potential in inducing a transition in tha secondary structurs is determined
by solid state 13C NMR spectroscopy but, in particular, by measuring the integrat
intensifies of the conformations of Val 12 CB in the AB..» pepfide.

The present invention further provides a composition comprising an antibody,
particularly a monoclonal antibody, including any functionally sguivalent antibody or
functional parts thereof, parficularly in a therapautically effective amount, which antibody
is bifunctional in that it exhibits both an aggregation inhibition property as well as a
disaggregation property as defined herein before, preferably paired with a high degree
of conformational sensitivity and, optionally, a pharmacsufically accepiable cartier
and/or a diluent and/or an excipient.

tn still another embodiment of the invention a composition is provided comprising a
bifunctional antibody, but especially a bifunciional monociona! antibody, including any
functionally equivalent antibody or functional paris thereof, which antibody, upon co-
mcubation with amyloid monomeric peptides, particularly B-amyloid monomeric pepfides
such as, for example, AR monomeric peplides 1-39; 1-40, 141, 142, or 143, but
especially AB1.4z monomeric peptides, inhibits the aggregation of the AB monomers into
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high molecular polymeric fibrils and, in addition, upon co-incubation with preformed high

molacular polymeric amyloid fibrils or filaments formed by the aggregation of amyloid
monomeric peptides, pérticuiar!y B-amyloid monomeric peplides such as, for example,
AR monomeric peptides 1-38, 140, 1-41, 1-42, or 1-43, but especially AR, monomeric
peptides, is capable of disaggregating the preformed polymeric fibrils or filaments and,
optionally, a pharmaceutically acceptabie carrer and/or a diluent and/or an excipiént.

in a specific embodimant of the invention the co-incubation of the bifunctional antibody
according o the invenfion, but especially of the bifunctional monocional antibody
according fo the invention with amyioid monomeric peptides and preformed  high
molecular polymeric amyloid fibrils or filaments, respectively, takes place at a molar
concentration ratic of up to 1:100, pariicularly at a ratio of between 1:30 and 1:100, and
rnore particularly at a ration of 1:100. |

in a further spacific embodiment of the invention co-incubation with amyloid monomeric
pepiides and preformed high molecular polymeric amyloid fibrils or filaments is done for
48 hours and 24 hours, respectively, at a temperature of 37°C.

In st another specific embodiment of the invention a composition is provided
comprising a bifunctional antibody according fo the invention, but especially a
bifunctional monoclonal anfibody according to the invention which is capable of
disaggregating the preformed polymeric fibrils or filaments by at least 10%, particularly
by at least 25%, more particuiarly by at least 35%, even more particularly by at least
50%, but especially by at least 80 - 70% or more and, opticnally, a pharmaceutically
acceptable carrier and/or a dituent and/or an excipient,

in still another specific embodiment of the invention & composition is provided
comprising a bifunclional aniibody according to the invention, but especialiy a
bifunctional monocional antibody according fo the invention inhibits the aggregation of
amylold monomeric peplides, particuiarly B-amyloid monomeric peplides such as, for
example, AR monomeric peplides 1-39; 1-40, 1-41, 1-42, or 1-43, but especially AB14z
monomeric peplides by at least 50%, particularly by at ieast 85%, more pariicularly by
at least 75%, even more particulariy by at least 80%, but especially by at least B5-80%,

or more as compared to the respective amyisid pepfide monomers incubated in buffer
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{control} and, optionally, & pharmacsutically acceptable carrier and/or a diluent and/or

an excipient,

in parficular, the present invention provides a compesition comprising an antibody,
particularly a monoclonal antibody, including any funciionally eguivalent antibody or
functional parts therecf, which aniibody mediates the inhibifion of polymerization of
amyloid monomeric paptides, specifically B-amyloid monomeric peptides such as, for
exampie, AR monameric peplides 1-39; 140, 1-41, 142, or 143, but especially a AP4z
monomeric peptides and/or induces solubifization of preformed high molecular
polymeric amyleid fibrils or filaments formed by the aggregation of amylioid monomeric
pepfides, particularly B-amyloid monomeric peptides such as, for example, AB
monomeric peptides 1-38; 1-40, 141, 1-42, or 1-43, but especially ABi4> monomernc
peptides, through specific and direct binding of the antibody to the A fibers, which
leads to a fransition of secondary conformafion and, optionally, a pharmaceutically

accepiable carrier and/or a diluent and/or an excipient.

The present invention further provides a composition comprising an antibody,
particularly 2 monocional antibody, inciuding any functionally eguivalent antibody or
functional paris thereof, which aniibody directly and specifically binds fo B-amyloid
fibers such as, for example, fibars comprising AR monomeric peplides 1-39; 140, 1-41,
1-42, or 143, buf especially to fibers comprising AR:42 monomeric pepfides and/or
induces solubilization of preformad high molecular polymeric amyloid fibrils or filamenis
formed by the aggregaiion of amyloid moncmeric peptides, particularly B-amyloid
monomeric peptides such as, for example, AR monomeric peplides 1-38; 1-40, 141, 1-
42, or 1-43, but especially ABi4 monomeric peplides, by targeting and specifically
binding to an spifopic region of the B-amyioid profein, particularly an epitopic region of
the AR polypeptide confined by amino acid residues aas-aan with n being an integer
between 2 and 15, pariicularly between 5 and 15, more particularly between 8 and 18,
aven more particularly between 10 and 15 and m being an integer between 3 and 17,
particularly between 8 and 17, more parficularly betwsen 8 and 17, even more
particularly between 11 and 17, wherein n and m cannot be identical numbers and n
must always be & smaller number than m, with the difference between n and m =2 and,

optionally, 2 pharmaceutically acceptable carrier and/or a diluent and/or an excipient,



45
The binding of the antibody according fo the invention may induce a conformational

fransition in said protein, particularly 2 transition of the B-shest conformation towards an
a-helix andfor & random cot! ccnfamation; but particularty a random coil conformation,
aven more particularly 2 random coil conformation at a given location in the molecule,
especially in the environment of Val12 of the AB protein,

In a further embodiment, the invention provides a composition comprising an antibody,
particularly a monoclonal antibody, including any functionally equivalent antibody ar
functional parts thereof, which antibody incorporates at least one of the properties

meniioned herein before, that is aggregation inhibition, disaggregation, induction of

- conformational transition, recognition of and direct binding to the 4-18 and/or the 14 to

23, but particularty the 14 to 20 epitopic region, but especially a combination of two or
more of said properties and, optionally, a phammaceutically acceptable carrier and/or a
diluent and/or an excipient.

in a specific embodiment, the invention provides a composition comprising an antibody,
particutarly a bifunctiénai antibody, but especially a monoclonal antibody, particularly a
bifunctional monoclonal antibody, including any functionally equivalent antibody or
functional parts thereof, which exhibits high specificity o AB.+2 monomeric peptides but
shows essentially no or only minor cross-reactivity to AR+.zs, A&-g‘.g, AB14n, andlor ARy
monomeric peplides, particulary an antibody, but especially a monocional antibody,
including any functionally equivalent antibody or functional parts thereof, which antibody
is up to 100 fold, particularly 50 to 100 foid, more pariicutarly 80 fo 100 foid, but
especiaily 100 fold more sensilive to amyloid peplide ABs4p as compared {0 AB.as, ARt
3s, AB1as, Al and up to 1000 fold, parficularly 500 fo 1000 fold, more particularly 800
to 1000 fold, but especially 1000 fold more sensitive fo amyloid peplide AB.4 as
compared 1o ABqag, and thus capable of inhibiting, in vifro and in vivo, the aggregation
of amylcidogenic monomeric peplides, bui especially of amyloid peptide ABs4z and,
optionally, 2 pharmaceuiically acceptable carrier and/or a diluent andfor an excipient.

in another specific embodiment of the invention a compoesition is provided comptising
an antibody, particutarly & bifunctional antibody, but especially a menoclonal antibody,
particularly a bifunctional monoclonal antibody, including any functionally equivalent
antibody or functional parts thereof, which has a high binding sensitivity to amyloid
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peptide AR« and is capable of deteciing AR+ fibers in 2 concentration of down o &t

least 0.001 ug, but particularly in a concentration range of between 0.5 ug and 0.001 pg,
more particularly between 0.1 ug and 0.001 pg, but especially in a concantration of
0.601 pg and, optionally, a pharmaceutically accepiable carrer and/or a diluent andfor

an excipient..

in & very specific embodiment of the invention a2 composition comprising an antibody is
provided, particularly a bifunctional antibody, but especially 2 monocional antibody,
particularly a bifunctional menocional antibody, including any functionally eguivalent
antibody or functional parts thereof, which antibody is capable of detecting AR« fibers
down to a minimal concentration of 0.001 pg and ABi4 fibers down to a minimal
concentration of 0.1 pg and AB+.as fibers down to a minimal concentration of 1 ug
amount of fibers and, optionally, a phamaceutically acceptable camier and/or a diluent
and/or an excipiant..

in a specific embodiment the present invention relates to a composition comprising a ‘
monocional antibedy inciuding any functionally eguivalent antibody or functional parts
thereof which antibody has the characteristic propertiés of an aniibody produced by a
hybridema cell kine selected from the group consisting of FP 12H3, FP 12H3-C2, and
FP 12H3-G2 deposited on December 01, 2005 and December 08, 2005, respectively,
as DSM ACC2752, DSM ACCZ750 and DSM ACCZ751, and, optionally, a

pharmaceutically acceptable carrier and/or a diluent and/or an excipisnt.

More particularly, the invention reiates to a composition comprising a monoclonal
antibody including any functionally equivalent antibody or functiona!l paris thereof
preduced by hybridoma cell line FP 12H3, deposited on December 01, 2005 and
December 09, 2008, respeciively as DSM ACC2752 and, oplionally, a pharmaceutically
acceptable carrier and/or a diluent and/or an excipient.

More particularly, the invention relaies o a composition comprising a monocional '
antibody including any functionally equivalent antibody or functional parts thereof
produced by hybridoma cell line FP 12H3-C2, deposited on December G1, 2005 and
Decamber 08, 2005, respectively as DSM ACC2750 and, optionally, a pharmaceutically
acceptable carrier and/or a diluent and/o; an excipient
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The invention further ralates to a composifion comprising 2 monoclonal antibody
inciuding any functionally equivalent antibody or functional par’rs thereof produced by
hybridoma cell fine FP 12H3-G2, depesited on December 01, 2005 and December 08,
2005, respectively as DSM ACCZ751 and, oplionally, a pharmacautically accepiable
carrier and/or a diluent and/or an excipient. '

in another specific embodiment the present invention relates to a composition
comprising a monoclonal antibody including any functionally equivalent antibody or
functional parts thereof which antibody has the characteristic properties of an antibody
produced by hybridoma cell line ET 723 deposited on Decermber 08, 2005 as DSM
ACC2755 and, cptionally, a pharmaceutically acceptable carmier andfor a dituent andfor
an excipient.

The invention further relates to a composition comprising a2 monoclonal antibody
including any %uncﬁonaﬁy equivalent antibody or functional parts thereof produced by
hybridoma cell line £7 7£3, deposited on December 08, 2005 as DSM ACC2755 and,

optionally, a pharmaceutically acceptable carrier and/or a diluent and/or an excipient

in another specific embodiment the present invention relates fo a composition
comprising 8 monoclonal antibody including any functionally equivalent antibody or
functional parts thereof which antibody has the characteristic properties of an antibody
produced By hybridoma cell line EJ 7H3 deposifed on December 08, 2005 as DSM

ACC2758 and, optionally, & pharmaceuticaliy accaptable carrier andfor a diluent and/or
an excipient.

The invention further relates to a composition comprising a monocional antibody
including any functionally equivalent antibody or functional parts thereof produced by
hybridoma cell line EJ 7H3, depesited on December 08, 2005 as DSM ACC2756 and,

optionally, a pharmaceutically acceptable carrier and/or a difuent and/or an excipient,

The antibody, particularly the monoclonal antibody according fo the invention including
any functionally equivalent antibody or functional parts thereof may be administered in
combination with other biclogically active substances and procedures for the treatment
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of diseases. The other biologically active substances may be part of the same

composition already comprising the antibody according it the invention, in form of &
mixture, wherein the antibody and the other biologically active substance are intermixed
in or with the same phamaceutically acceptable solvent andfor carrier or may be
provided separaiely as part of a separate compesition, which may be offered separately
of together in form a Kit of parts.

The antibody, particularly the monocional antibody according to the invention including
any functionally equivaient antibody or functional parts thereof may be administered at
the same time with the other biclogically active substance or substances, intermittently
or sequentially. For example, the monocional antibody according fo the invention
including any functionally equivalent antibody or functional parts therecf may bs
administered simultaneously with a first additional biclogically active substance or
sequentially after or before administration of the antibody. If an application scheme is
chosen where more than one additional biclogically active substance are administered
together with the at least one antibody according to the invention, the compounds or
substances may partially be administered simultaneously, partizlly sequentially in
various combinations.

it is another object of the present invention to provide for mixtures of antibodies
comprising at least one antibody according o the present invention and, optionally, cne
or more further biologically active substances, as well as to methods of using individual
antibodies, or mixtures thereof including compositions comprising said antibodies or
mixiures of aniibodies for the prevention and/or therapeutic treatment and/or alleviation
of the effects of diseases and disorders which are caused by or associaied with
amyloid or amyloid-like proteins including amyloidosis, a group of diseases and
disorders associated with amyloid plaque formation including secondary amyloidosis
and age-related amyloidosis such as diseases including, but not fimited {o, neurclogical
disorders such as Alzheimer's Disease (AD), including diseases or conditions
characterized by a loss of cognifive memory capacity such as, for example, mild
cognitive impairment (MC!), Lewy body dementia, Down's syndrome, hereditary
cerebral hemorrhage with amyloidosis (Dutch type); the Guam Parkinson-Dementia
complex; as well as other diseases which are based on or associated with amyloid-like

profeins such as progressive supranuclear palsy, multiple sclerosis; Creutzfeld Jacob
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disease, Parkinson's disease, HiV-related dementia, ALS (amyotropic lateral sclercsis),

inclusicn-body myositis (IBM), Adult Onset Diabeies; senile cardiac amyloidosis;
endocrine tumors, and others, including macular degeneration.

The midures sccording o the invention may comprise, in addition to an antibody
according to the invention, a bioclogicaily active substance such as, for example, known
compounds used in the medication of diseases and disorders which are causad by or
associated with amyioid or amyloid-like proteins including amyloidosis, a group of
diseases and disorders associated with amyloid or amyloid-like protein such as the AB

protein involved in Alzheimer’s disease.

in another embodiment of the invention, the other bioiogically active substance or
compound may aiso be a therapeutic agent that may be used in the treatment of
diseases and disorders which are caused by or associated with amyloid or amyloid-like
proteins including amyioidosis caused by amyloid B or may be used in the medication of

other neurslogical disorders.

The other biologically active substance or compound may exert its biclogical effect by
the same or a simitar mechanism as the antibody according to the invention or by an
unrelated mechanism of action or by a mulliplicity of related andfor unrelated

meachanisms of action.

Generally, the cother biologically active compound may include neutron-transmission
enhancers, psychotherapeutic drugs, acteryicholine esterase inhibitors, calcium-channel
blockers, biogenic amines, benzodiazepine tranquillizers, acetyicholine synthesis,
storage or release enhancers, acetylcholine postsynaptic receptor agonists, monoaming
oxidase-A or —B inhibiters, N-methvi-D-aspariate glutemate receptor antagonists, non-

stercidal anti-inflammatory drugs, antioxidants, and serotonergic receptor antagonists.

In particutar, the mixture according to the invention may comprise at least one other
bioiogically active compound selected from the group consisting of compounds against
oxidative stress, anti-apoptotic compounds, metal chelators, inhibitors of DNA re;:;air'
such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS), 1,3
propanedisuffonate (1,3PDS), secretase activaiors, B- and v ~secretase inhibitors, tau
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proteins, neurciransmitier, B-sheet breskers, antkinflammatory molecules, or

cholinesterase inhibitors (ChEls) such as facrine, rivastigmine, denepezil, andfor
galantamine and other drugs and nutritive supplements, together with an antibody
according to the present invention and, optionally, a pharmaceutically acceptabls carrier

and/or a diluent and/or an excipient.

it & further embodiment, the midures according to the invenfion may comprise niacin or
memantine together with an antibody according to the present invention and, opticnally,

a pharmaceutically acceptable carrier and/or a diluent and/or an excipient.

" “In still another embodiment of the invention mixtures are provided that comprise
“‘atypical antipsychotics™ such as, for example clozapine, ziprasidone, risperidone,
aripiprazole or olanzapine for the fireatment of positive and negative psychotic
symptoms including haliucinations, delusicns, thought disorders (manifested by marked
incoherence, derailment, tangentiality), and bizarre or disorganized behavior, as well as
anhedonia, flattened affect, apathy, and social withdrawal, together with an antibody
according to the invention and, aptionally, a phanmaceutically acceptable carrier and/or
a diluent and/or an excipient.

in a specific embodiment of the invention, the compositions and mixiures according to
the invention and as described herein before comprise the antibody and the biologically

active substance, raspectively, in a therapeuiically effective amount.

Other compounds that can be suitably used in mixiures in combination with the antibody
according to the present invention are, for example, described in WO 2004/058258 (see
especially pages 16 and 17) inciuding therapeutic drug fargets (page 36-39),
alkanesulfonic acids and akanolsuifuric acids (pages 39-51), cholinesierase inhibitors
(pages 51-58), NMDA receptor antagonists (pages 56-58), estrogens {pages 58-58),
non-steroidal anti-inflammatory drugs (pages 60-61), anfioxidants (pages 61-62),
peroxiscme proliferators-activated recepitor (PPAR) agonists (pages 63-67),
cholesterol-lowering agents (pages 68-75), amyloid inhibitors (pages 75-77), amyloid
formation inhibitors (pages 77-78), metal chelators (pages 78-79), anfi-psychofics and
anti-depressants {pages 80-82), nubritional supplements (pages 83-89) and compounds
increasing the availability of biologically acitive substances in the brain (see pages 89-
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83} and prodrugs (pages 93 and 94 ), which document is incorporated herein by

reterence.

Furher provided is a method for producing an antibody, particularly a method for
producing a monocional antibody, including any functionally equivalent antibody or
functional parts thereof according to the invention, which method comprises raising
antibodies but particularty monoclonal antibodies against a supramelecular anfigenic
conetruct comprising an antigenic peptide correspanding to the amino acid sequence of
the B-amyloid peptide, particularly of 8-amyloid peptide APi.1s, ABi—is and AP1—ignia),
modified with hydrophobic moieties such as, for example, paimitic acid or a hydrophilic
moiefy such as, for exampie, polyethylene glycolk(PEG) or 2 combination-of both,
wherein sai‘d hydrophobic and hydrophilic moiely, respeciively, is covalently bound to
each terminus through at least one, particularly one or two, amino acids such as, for
example, lysine or any other suitable amino acid or amino acid analogue capable of
serving as a coupling device or linker molecule for the coupiing of said hydrophobic and

hydrophilic molety such as, for exampie, giutamic acid or cystein.

Also part of the invention is the use of a monoclonal antibody andfor a functional part
thereof according to the invention and as described herein before and/or a
pharmaceutical composition, or a mixfure comprising said antibody, for the preparation
of a medicament for treating or alieviating the effects of diseases and disorders which
are caused by or assoclated with amyloid or amyloid-like proteins including amyloidosis,
a group of diseases and disorders associated with amyloid plague formation including
secondary amyloidosis and age-related amyloidosis such as diseases including, but not
imited fo, neurological disorders such as Alzheimers Disease {AD and diseases or
conditions characterized by z loss of cognitive memory capacity such as, for exampie,
mild cognitive impaiment (MCH), Lewy body dementia, Down’s syndroms, hereditary
cerebral hemorrhage with amyioidosis (Dutch type); the Guam Parkinson-Dementia
complex; as well as other diseases which are based on or assoclated with amyloid-like
profeins such as progressive supranuclear paisy, mulliple sclerosis; Creutzfeld Jacob
disease, Parkinson's disease, HiV-related dementia, ALS (amvotropic lateral sclerosis),
inclusion-body myositis (IBM), Adult Onset Disbetes, senile cardiac amyloidosis;
endocring tumors, and others, including macular degeneration.
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in another embodiment of the present invention a mathod is provided for the preparation

of a pharmaceutical composition using an antibody according to the invention and/or a
functional part thereof but especially a monocional antibody and/or a functional part
thereof or a functionally equivalent antibody, for use in freating or alleviating the effects
of diseases and disorders which are caused by or associated with amvloid or amyloid-
like proteins including amyloidosis, a group of diseases and disorders associated with
amyloid plague formation including secondary amyloidosis and age-related amyloidosis
such as diseases including, but not limited to, neurological disorders such as
Alzheimer's Disease (AD) and diseases or conditions characterized by a loss of
cognitive memory capacity such as, for example, mild cognitive impairment (MC1), Lewy
body dementia, Down’s syndrome, hereditary cerebral hemorrhage with amyloidosis
{(Dutch type); the Guam Parkinson-Dementia compiex; as well as other diseases which
are based on or associated with amyioid-like proteins such as progressive supranuclear
palsy, muliiple sclerosis; Creutzfeld Jacob disease, Parkinson's disease, HIV-related
dementia, ALS (amyotropic fateral sclerosis), Adult Onset Diabetes: senile cardiac
amyloidosis; endocrine tumors, and others, including macular degeneration comprising
tormulating an antibody according to the invention in a pharmaceutically acceptable
form.

The antibodies and/or functional parts thereof but especially the monoclonal antibodies
and/or functional parts thereof or a functionally equivalent antibody and the
compositions and mixtures comprising said antibody according fo the present invention
may be used for the preparation of a medicament for preventing, treating or alleviating
the effects of diseases and disorders which are caused by or associated with amyloid
or amyloid-ke proteins including amyloidosis, a group of diseases and disorders
associated with amyloid plague formation including secondary amyioidosis and age-
relaied amyloidosis including, but not limited to, neurological disorders such as
Alzheimer's Disease (AD), including diseases or conditions characterized by a loss of
cognitive memorty capacity such as, for example, mild cognitive impairment (MCI), Lewy
body dementia, Down’s syndrome, hereditary cerebral hemorrhage with amyloidosis
(Dutch type); the Guam Parkinson-Dementia complex; as well 2s other diseases which
are based on or associated with amyloid-like proteins such as progressive suprahuclear
palsy, multiple sclerosis; Creuizfeld Jacob disease, Parkinson's disease, HiV-related
dementia, ALS (amyotropic lateral sclerosis), inclusion-body myositis (IBM), Adult Onset
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Diabetes; senile cardiac amyloidosis; endocrine tumors, and others, including macular

degeneration,

i & further embodiment of the invention & msthod is provided for reducing the plague
lnad in the brain of an animal, particularly & mammal, but especially a human suffering
from a disease or condition leading to an increased plague joad in the brain comprising
administering to an animal, particularly a mammal, more particularly a human in need of
such a treatment, a therapeutically effective amount of an antibody and/or a functional
patt thereof but especially of the monoclonal antibody and/or a functional part thereof or
of a functionally equivalent antibody according to the invention and as described herein

bafore, or a composition or a mixture comprising said antibody.

in particular, the plaque load is reduced by at least 20 %, particularly by at least 25%,
more particularly by at least 30%, even more particularly by more than 30%.

in a further embodiment of the invention a mathod for reducing the amount of plagques in
the brain of an anima!,'parﬂcularﬁy a mammal, but especially a human suffering from a
disease or condition leading to an increased plaque load in the brain comprising
administering to an animal, particularly a mammal, more particularly a human in need of
such a treatment, a therapeutically effective amount of an antibody andfor a functional
part thereof but especially of the monocional antibody and/or a functional part thereof or
of a functionally eguivalent antibody according to the invention and as described harein

before, or a composition or a mixture comprising said antibody.

In particular, the the amount of plaques in the brain is reduced by at least 10 %,
particularly by at least 15%, more particularly by more than 15%.

Inv still another embodiment of the invention a method for decreasing the total amount of
soluble Af in the brain of an animal, particularly a mammal, but especially a human
suffering from a disease or condition leading to increased concentrations of soluble AB
in the brain comprising administering to an animal, particularly a mammal, more
particularly a human in need of such a treatment, a therapeutically effective amount of
an antibody and/or a functional part thereof but especially of the monoclonal aniibody
and/or a functional part thereof or of a functionally equivalent antibody according to the
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invention and as described herein before, or a composition or a mbdure comprising said

antibody.

it is an obiective of the present invention to provide a method for preventing, freating or
alleviating the effects of diseases and disorders which are caused by or associated with
amyloid or amyloid-ike proteins including amyloidosis, a group of diseases and
disorders assotiated with amyloid plague formation including secondary amyloidosis
and age-related amyloidosis including, but not lirited to, neurological disorders such as
Alzheimer's Disease {AD), including diseases or conditions characterized by a loss of
cognitive memory capacity such as, for example, mild cognitive impairmeant (MCD, Lewy
body dementia, Down's syndrome, hereditary cerebral hemorrhage with amyloidosis
(Dutch type); the Guam Parkinson-Dementia complex; as well as other diseases which
are based on or associated with amyloid-like proteins such as progressive supranuclear
palsy, multiple sclerosis; Creutzfeld Jacob disease, Parkinson’s disease, HiV-related
dementia, ALS (amyotropic lateral sclerosis), inclusion-body myositis (iBM), Adult Onset
Diabetes; senile cardiac amyloidosis; endocrine tumors, and others, including macular
degeneration, by administering an antibody, but particularly a monoclonal antibody or a
composition or mixtute comprising such an anfibody according fo the invention to an
animal or a human affected by such a disorder comprising administering to an animal,
particularly a mammal, maore particularly 2 human in need of such 3 treatment, a
therapeudicaliy effective amount of an antibody andfor a functional part thereof but
especiaily of the monoclonal antibody and/for a functional part thereof or of a funclionally
squivalent antibody according to the invention and as described herein before, or a

composition or a mixture comprising sald aniibody. |

In a specific embodiment the invention provides a method for retaining or increasing
cognitive memory capacity of an animal, particularly 2 mammal or a human suffering
from memory impairment by administering to an animal, particularly a mammal or a
human in need of such a treatment, an antibedy, but particularly & monocional antibody
according to the invention or a composition or mixiure comprising such an antibody
according to the invention and as described herein before.

In anather embodiment of the present invention a method is provided for the preparation
of a pharmaceutical composition using an antibody according to the invention and/ora
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functional part thereof but especially 2 monccional antibody andfor a  functional pait

thereof or a functionally equivalent antibody for preventing, freating or alleviating the
effects of diseases and disorders which are caused by or associated with amyloid or
amyloid-like profeins including amyioidosis, a group of diseases and disorders
associated with amylold plague formation including secondary amvicidosis and age-
related amyloidosis such as diseases including, but not limited to, neurological disorders
such as Alzheimer's Disease (AD), including diseases or conditions characterized by a
joss of cognitive memory capacity such as, for example, mild cognitive impairment
(MCH), Lewy body dementia, Down's syndrome, hereditary cerebral hemorrhage with
amyloidosis {Dutch type), the Guam Parkinson-Dementia complex; as well as other
diseases which are based on or associated with amyicid-ike proteins such as
progressive supranuciear palsy, muiliple sclerosis; Creutzfeld Jacob disease,
Parkinson's disease, HiV-related dementia, ALS (amyofropic lateral sclerosis),
inclusion-body myositis (IBM), Adult Onset Diabetes; senile cardiac amyloidosis;

endocrine tumors, and others, including macular degeneration.

in 2 specific embodiment the invention provides a method for the preparation of a
phamaceutical composifion using an antibody according fo the invention andfora
functional part therecf but especially a monocional antibody andfor a functional part
thereof or a functionally equivaient antibody for retaining or increasing cognitive memory
capacity of an animal, parlicularly 2 mammal or a human, suffering from memory
impairment by administering to zan animal, parficularly 2 mammal or 2 human, an
antibody, but particuiarly a monoclonal antibody or a composition of mixture comprising
such an antibody accerdin§ to the invention and as described herein before.

These and other objects, fealures and advantages of the present invention will become
apparent after & review of the following detailed description of the disclosed
embodiment and the appended claims,

The terms “polypeptide”, “peptide”, and “protein”, as used herein, are interchangeable
and are defined fo mean a biomolecule composed of amino acids linked by a peptide
bord,
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The terms "a", "an" and "the” as used herein are defined to mean “one or more" and
include the plural unless the context is inappropriate.

The terms "detecting” or "detected” as used herein mean using known technigues for
detection of biclegic molecules such as immunochemical or histological methods and
refer to qualitatively or quaniitatively determining the presence or concentration of the

biomolecule under investigation.

"Amyloid B, AB or B-amyleid” is an art recognized term and refers to amyloid B proteins
and peptides, amyloid B precursor protein (APP), as well as modifications, fragments
and any functional equivalents thereof. In particular, by amyloid B as used hererin is
meant any fragment produced by proteolytic cleavage of APP but especially those
fragments which are involved -in or associated with the amvioid pathoelogies including,
but not limited to, AB1.as, AB1.3a, APt , AB1gr ABruz and ABiss .

The structure and sequences of the amyloid B peptides as mentioned above are well
known to those skilied in the art and methods of producing said peptides or of extracting
them from brain and other tissues are described, for example, in Glenner and Wong,
Biocham Biophys Res Comm128, 885-880 (1984). Moreover, amyloid B pepfides are

also commercially available in various forms.

‘AP Fibril” or “AB Filament” or “Amyloid fibrils” are polymeric forms of monomeric protein
farming individual or bundied fibers with constant fiber diamenter which are insoluble in
agueous medium and contain large amounts of a cross-3 structure in their core; mostly

with beta-strands perpendicular to the fibrit axis1.2,3)

“Monomeric AB" or "AB monomer” are completely solubilized amyioid 8 protein without

aggeregated complexes in agueous medium,

"Polymeric soluble amyioid" and “oligomeric AR™ and "AB ofigomer” refers to multiple
aggregated monomers of amyloid peptides, or of amyioid-like peptides, or of modified or
truncated amyloid peptides or of other derivaies of amyloid peptides forming oligomeric
or polymeric structures which are soluble both in vitro in aequeous medium and in vivo
in the mammalian or human body more particularly in the brain, but particularly o
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multiple aggregated monomers of amyloid B (AR) or of modified or truncated amyloid B

{AB) peplides or of derfvaiives thereof, which are scluble in the mammalian or human
body more particutarly in the brain, respectively.

By “isolated” is meant a bivlogical molecule free from af least some of the components
with which it naturally occurs. '

The terms "antibody” or “antibodies" as used herein is an art recognized term and is
understood to refer to molecules or active fragments of molecules that bind o known
antigens, particularly fo immunoglobulin molecules and to immunologically active
portions of immunoglobulin molecules, t.e molecuies that contain a binding site that
immunospecifically binds an antigen. The immunoglobulin according to the invention
can be of any type (IgG, IgM, igD, IgE, IgA and IgY) or ciass (igG‘i, igG2, 1g(33, 1gG4,
lgA1 and IgA2) or subclasses of immunoglobulin moiecule,

“Antibodies” are infended within the scope of the present invention o include
monocional antibodies, polyclonal, chimeric, single chain, bispecific or bi-effective,
simianized, human and humanized antibodies as well as active fragments thersof.
Examples of active fragments of molecules that bind to known antigens include Fab and
F(ab‘)g'fragments, including the products of an Fab immunoglobulin expression jibrary
and epitope-binding fragments of any of the antibodies and fragments mentioned above.

These active fragments can he derived from an antibody of the present invention by a
number of fechnigues. For example, purified monoclonal antibodies can be cleaved with
an enzyme, such as pepsin, and subjected to HPLC gel filiration. The appropriate
fraction containing Fab fragments can then be collected and conceniraied by membrane
filtration and the like. For further description of general techniques for the isolation of
aciive fragmenis of aniibodies, see for example, Khaw, B. A. et al. J. Nucl. Med.
23:1011-1018 {1882); Rousseaux et al. Methods Enzymology, 121:663-89, Acédem!c
Press, 1986,

A "humanized antibody" refers io a type of engineered antibody having its CDRs
gerived from a non-human donor immunoglobulin, the remaining immunoglobulin-

derived parts of the molecule being derived from one (or more) human
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immunogicbulinds). In addition, framework support residues may be altered {o preserve

binding affinity. Methods to obtain "humanized antibodies” are well known t those
skilled in the art, (see, e.g., Queen et al,, Proc. Nall Acad Sci USA, 86:10028-10032
(1989), Hodgson et al,, Bio/Technoloy, 8:421 (1991)).

A "humanized antibody" may aiso be obtained by a novel genetic engineering approach
that enables production of affinitiy-rnatured humanike polycional antibodies in large
animals such as, for example, rabbits

(hiip:/fwww._retech. com/bioventuresitherapeutic.php).

The term "monoclonal antibody” is also well recognized in the art and refers to an
antibody that is mass produced in the laboratory from a single clone and that recognizes
only one anfigen. Monocional antibodies are typically made by fusing a2 normally short-
lived, antibody-producing B cell to a fast-growing cell, such as a cancer cell (somatimes
referred to as an “immortal’ cell), The resulting hybrid cell, or hybridoma, multipiies
rapidiy, creating & clone that produces large quantities of the antibody.

For the purpose of the present invention, “monocional antibody” is also to be
understood to comprise antibadies that are produced by a mother clone which has not
yat reached full monocionality.

‘Functionally equivalent antibody” is understood within the scope of the present
invention to refer to an antibody which substantially shares at least one major functional
property with an antibody mentioned above and herein described comprising: binding
specificity fo the B-amylcid protein, pér%icu(ariy fo the AB.4p protein, and more
parﬁcmarly to the 4-18 epifopic region of the ARy protein, immunoreactivity in vifro,
inhibition of aggregation of the AP« monomers into high molecular polymeric fibrils
andfor disaggregation of preformed Ay polymeric fibrils, and/or & B-sheet breaking
property and aileviating the effects of diseases and disorders which are caused by or
associated with amyloid or amyloid-like proteins including amyloidosis, a group of
diseases and disorders associafed with amyloid plague formation including secondary
amyloidosis and age-related amyloldosis such as diseases including, but not mited to,
neurological disorders such as Alzheimer's Disease (AD), including diseases or

conditions characierized by a loss of cognitive memory capacity such as, for example,
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mild cognitive impaiment (MCE), Lewy body dernentia, Down's syndrome, hereditary

cerebral hemorrhage with amyloidosis (Dutch fype); the Guam Parkinson-Dementia
complex; as well as other diseases which are based on or associated with amyloid-ike
proteins such as progressive supranuclear palsy, multiple sclerosis; Creutzfeld Jacob
_ disease, Parkinson's disease, HiV-related dementia, ALS {amyolropic lateral sclerosis),
inclusion-body myesitis (IBM), Adult Onset Diabeles, senile cardiac amvyiloidosis;
endocrine tumors, and others, including macuiar degeneration, when. administered
prophylactically or therapeutically. The antibodies can be of any class such as IgG, Igh,
or IgA, etc or any subclass such as 1gG1, 1gG2a, etc and other subclasses mentioned
herein above or known in the ari, but particularly of the 1gG2 class. Further, the
antibodies can be preduced by any method, such as phage display, or produced in any
organism or cell fine, including bacteria, insect, mammal or other fype of cell or cell fine
which produces antibodies with desired characteristics, such as humanized antibodies.
The antibodies can also be formed by combining a Fab portion and an Fc region from
differant species. '

The term “bispecific” or “bifunctional” and "bi-effective” is used synonymously within the
scope of this application {0 characterize an antibody which exhibits both an inhibition
property on amyloid or amyioid-like fiber formation as weli as a disaggregation property
of amyloid or amyloid-like fibers...

The term “antigen” refers 1o an entity or fragment thereof which can induce an immune
response in an organism, particularly an animal, more particutarly 2 mammal including a
fuman. The term includes immunogens and regions responsible for antigenicity or
antigenic determinants.

As used herein, the term “soluble” means partially or completely dissolved in an
aqueous solution.

Also as used herein, the term “immunogenic” refers to substances which elickt or
enhance the production of antibodies, T-cells and other reactive immune cells directed
against an immunogenic agent and confribute fo an immune response in humans or
animals.
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An immune response occurs when an individual produces sufficient antibodies, T-cells

and other reactive immune cells against administered immunogenic compositions of the
present Invention to moderate or alleviate the disorder lo be treated.

“Polymeric soluble amyloid” refers to multiple aggregated monomers of amyioid
peptides, or of amyloid-like peptides, or of modified or truncated amyloid peptides or of
other derivates of amyloid peptides forming oligomeric or polymeric structures which are
soluble in the mammalian or human body more particularly in the brain, but particularly
to multiple aggregated monomers of amyloid B {AB) or of medified or truncated amyioid
B (AB) neptides or of derivatives thereof, which are soluble in the mammalian or hurnan
body more particulardy in the brain.

The term "hybridoma" is art recognized and is understood by those of ordinary skiil in
the art to refer to a cell produced by the fusion of an antibody*producing cell and an
immortal cell, e.g. a multiple mysloma cell. This hybrid call is capable of producing a
continuous supply of antibody. See the definition of "monoclonal antibody” above and
the Exampies below for a more detailed description of the method of fusion.

The ferm “carrier” as used herein means a structure in which antigenic peptide or
supramolecular construct can be incorporated info or can be associated with, thereby
presenting or exposing antigenic peptides or part of the peptide to the immune system
of a human or animal. Any particle that can be suitabiy used in animal or human therapy
such as, for exampile, a vesicle, a particle or a particulate body may be used as a carrier
within the context of the present invention.

The ferm “carrier” further comprises methods of delivery wherein supramolecular
antigenic construct compositions somprising the antigenic peptide may be transported
io desired sites by delivery mechanisms. One example of such a delivery sysiem
utilizes colloidal metals such as colloidat gold. '

in addition, the term “carler” further comprises delivery mechanisms known o those
skilled in the art inciuding, but not iimited {o, kevhole limpet hemocyanin (KLH}, bovine
serum albumin (BSA) and other adjuvants,
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In the supramolecular antigenic construct according fo the present invention, the

liposome may have a dual function in that it can be used as 2 carrier comprising the
supramolecular construct as described herein before and, at the same time, function as
an adjuvant ic increase or stimulate the immune response within the target animal or
human to be treated with the therapeutic vaccing according to the invention. R is also fo
be understood that the supramolecular antigenic construct compositions of the present
invention can further comprise additional adjuvants such as, for example, lipid A, alum,
calcium phosphate, interieukin 1, and/or microcapsules of polysaccharides and proteins,
but particularly a detoxified lipid A, such as monophosphory! or diphesphory! lipid A, or
alum, further preservatives, diluents, emulsifiers, stabilizers, and other components that
are known and used in vaccines of the prior art. Moreover, any adjuvant system known
in the art can bs used in the composition of the present invention. Such adjuvants

include, but are not limited fo, Freund's incomplete adjuvant, Freund's compiste

adjuvant, polydispersed B-(1,4) linked acetylated mannan ("Acemannan®), TITERMAX®
(polyoxyethylene-polyoxypropylene copolymer adjuvants from CyiRx Corporation),
rmodified lipid adjuvants from Chiron Corporation, saponin derivative adjuvants from
Cambridge Biotech, killed Bordefella pertussis, the lipopolysaccharide (LPS) of gram-
negative bacteria, large polymeric anions such as dexdiran suffate, and inorganic gels

such as alum, aluminum hydroxide, or aluminum phosphate.

Camrier proteins that can be used in the supramolecular antigenic construct
compositions of the present invention include, but are not limited to, maltose binding
protein "MBP", bovine serum albumin "BSA", keyhole lympet hemocyanin "KLHY
ovalbumin; flagellin; thyroglobulin, serum albumin of any species; gamma globulin of
any species; syngeneic celly; syngeneic cells bearing la antigens; and polymers of B-
andior L- amino acids.

Further, the term "therapesutically effective amount” refers to the amount of antibody
which, when adminisiered to a human or animai, elicits an immune response which is
sufficient to result in a therapeutic effect in said human or animal. The effective amount
is readily determined by one of skill in the art following routine procedures.

*Homology” between two sequences is determnined by seguence ldeniity, If fwo
sequences which are fo be compared with each other differ in length, sequence identity
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preferably relates to the percentage of the nucleotide residues of the shotier sequence

which are idenfical with the nuciectide residues of the longer sequence. Sequence
identity can be determinad canvemtéonaﬁéy with the use of computer programs such as
the Bestit program (Wisconsin Seguence Analysis Package, Version 8 for Unix,
Genetics Computar Group, University Research Park, 575 Science Drive Madison, Wi
53711). Bestit utilizes the locatl homology algorithm of Smith and Waterman, Advances
in Applied Mathematics 2 (1881}, 482-4889, in order to find the segment having the
highest sequence identity between two seguences. When using Bestfit or another
sequence alignment program to determine whether a particular sequence has for
instance 95% identity with a reference sequence of the present invention, the
parameters are preferably so adjusied that the percentage of identily is calculated over
the entire length of the reference sequence and that homology gaps of up to 5% of the
total number of the nucleotides in the reference sequence are permitied. When using
Besifit, the so-called optional parameters are preferably ieft at their preset ("defaulf™)
values. The deviations appearing in the comparison between a given sequence and the
above-described sequences of the invention may be caused for instance by addition,
deletion, substitution, insertion or recombination. Such a seguence comparison can
preferably also be carried out with the program “fasta20uB6” (version 2.0ug8,
September 1988 by William R. Pearson and the University of Virginia, see also W.R.
Pearson (19580), Methods in Enzymology 183, 83-88, appended examples and
htip:/fworkbench sdsc.edy/). For this purpose, the "default” parameter setfings may be
used.

The term "hybridize” as used refers o convertional hybridization conditions, preferably
o hybridization conditions at which Sx8SPE, 1% SDS, 1xDenhardis solution is used as
a solution and/or hybridization temperatures are between 35°C and 70°C, preferably
65°C. After hybridization, washing is preferably carrded out first with 2x88C, 1% SDS
and subsequently with 0.2xSSC af temperatures between 35°C and 70°C, preferably at
85°C {regarding the definition of SSPE, S8C and Denhardis solution see Sambrook et
at. loc. cit.). Stringent hybridization conditions as for instance described in Sambrook et
al, suprs, are particularly preferred. Particularly preferred stringent hybridization
conditions are for instance present if hyérﬁd‘réﬁaﬁon and washing ocour at 85°C as
indicated above. Non-stringent hybridization conditions, for instance with hybridization
and washing carried out at 45°C are less preferred and at 35°C sven less.
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The present invention may be understood more readily by reference to the following
detailed description of specific embodiments included herein. Although the present
invention has been described with reference to specific details of certain embodimeants,
thereof, it is not intended that such details should be regarded as limitations upon the

scope of the invantion.

The present invention provides antibodies and functional parts thereof which are
conformationally sensitive antibodies. These antibodies recognize specific epitopes on a
wide variety of amyloid proteinic antigens. The antibodies are useful for diagﬁostic and
therapeutic intervention in diseases and diseases and disorders which are caused by or
associated with amyloid or amyleid-like proteins including amyloidosis, a group of
diseases and disorders associated with amyloid or amyloid-like protein such as the AB

protein involved in Alzheimer’s disease

Antibodies are administered to individuals to passively immunize them against a varisty
of disgases or disorders, including but not limited to, diseases associated with amyloid
profein such as Alzheimer's disease.

The antibodies'prdvi'ded herein are monoclonal or polycional antibodies having binding
specificity for antigenic peptides representative of various disorders which are

associated with amyloid protein such as, for example, Alzheimer's disease.

The antibodies according to the invention are preparad by immunizing an animal, such
as a mouse, rat, rabbit or any other animal species which can produce native or human
antibodies, with a supramolecular antigenic construct composition.

The supramolecular antigenic consfrucis as disclosed herein generally comprise
peptides modified fo enhance anfigenic effect wherein such peptides are modified via
pegylation (using polyethylene glycol or modified polyethylene glycol), or modified via
other methods such as by palmitic acid, poly-amine acids (eg poly-giycine, poly-
histidine), poly-saccharides (eg polygalacturonic acid, polyiactic acid, poivgiycolide,
chitin, chitosan), synthetic polymers (polyamides, polyurethanes, polyesters) or co-



64 .
polymers {eg. poly(methacrylic acid) and N-(2-hydroxy} propyl methacrylamide) and the

like.

Modification by palmitic acid (palimitoylation), while providing an anchor for the peptide
in the lipesome bilayer, due to the relative reduced length of the Cqsp fafly acid moiety
leads to the peptide practically faying on the liposome surface. Therefore, the cells
processing the antigen will have o take up the entire liposome with tha peptide, which,

in the majority of cases, resulis in a slower immune response in relative terms.

In one embodiment of the invention, a modified amyloid 1-15 peptide is used in the
preparation of an antibody, particularly a monocional antibody according to the invention,
- The modified amyloid 1-15 peptide may be synthesized following the method reported in
- Nicotau et. al. 2002. The approach reporfed in Nicolau et al invoives modifying the
antigenic peptide by an on-resin grafting of a lipophilic or hydrophobic moiety, to the
terminal amino acid residues of a pre-formed peptide resulting in a product of
considerably high' purity. in particular, a protected amino acid, particularly a Fmoc-
protected aminc acid, is attached fo a resin using known coupling chemistry. The
protecting group is removed and a second protected amino acid residue coupled.
Standard automated peptide synthesis using known protection chemistry, particularly
FmochBu chemistry, and standard side-chain protecting groups are then used to
synthesis the ABy.ys antigenic peptide by coupling on amino acids 1 to 15 of amyloid
protein A Braa.fo produce the peptide fragment with a sequence given in SEQ ID NOC: 1.
in a final step fwo further protected amino acids are coupled to the growing peplide
fragment. The Mit groups can then be selectively cleaved and coupled to palmitic acid.
After washing of the resin, the protecting group is removed and the resin simultaneousty
cleaved, followed by side-chain deprotections using standard methodology. The final
product can ti:seh be obtainad in high purity and its identity confirmed by methods known
in the art such as, for example, electrospray mass spectrometry.

The lipophilic or hydrophobic moisty according to the present invention may be a fatly
acid, a friglyceride or a phosphofipid wherein the fatty acid carbon back bone has at
ieast 10 carbon atoms. Particutarly, the lipophiiic or hydrophobic moiety is a fatly acids
with a carbon backbone of at least approximately 14 carbon atoms and up to
approximately 24 carbon atoms, with each individual number of carbon atom falling
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within this range also being part of the present invention. More particularly, the

Hpophilic or hydrophobic moisty has a carbon backbone of at least 14 carbon atoms.
Examples of hydrophobic moieties include, but are not limited fo, paté‘niﬁc acid, stearic
acid, myristic acid, lauric acld, olelc acid, lincleic acid, finclenic acid and cholestercl or
DSPE. In a specific embodimeant of the present invention the lipophilic or hydrophabic

moiety is palmitic acid.

To enhance the immune response, another anchor/spacer can suitably be applied to

reconstitute the peptide in the liposome, e.g. polyethylene glycol (PEG).

PEG is covalently attached to an amino acid residue bound at both termini of the
peptide, in particular Glu, Cys or Lys amino acid residue or any other amino acid
residue that can be suitably used to covalently bind PEG to the peptide. At the cther
end of the chain a hydrophobic moiety may be covalently bound to function as the
anchoring element in the liposome bilayer such as, for example, phosphatidyl ethanol
amine (PEA). Thus, the liposome still functions as an adjuvant and the pepfide being
sufiiciently far away from the bilayer can be processed alone and thus increases its

immunogenicity as compared {o the palmitoylated antigen.

In certain embodiments, the supramolecular antigenic constructs used within the scope
of the present invention comprise a peptide sequence, covalently attached io pegyiated
lysine- one at each terminus. The length of the PEG (polyethyieng!ycéi) chain may vary
from n = 8 fo n = 150.00C or more, particularly from n = 10 to n = 80.000, more
particularly from n = 20 to n = 10.000. In a specific embodiment of the invention the
length of the PEG chain is not more than n = 45, particularly between n = 5 and n = 40,
more particularly between n = 10 and n = 30, and even more parficularly n = 10,

The supramolecular consfructs described herein can be synthesized using aufomated
peptide synthesis and known protection chemistry, particularly FrnocftBu chemistry and
standard sige-chain protecting groups. Typically, pegylation of peptfides results in

mixtures of regioisomers,

To achisve a site-specific attachment of a PEG-ipid conjugate to both the C- and N-
ferminus of AR partially protected peptides may be used. For those peptide sequences
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containing internal Lys or His residues an orthogonally protected Lys(ivDde) is added fo

each ferminus. An additional Gly may be added to the C-erminal end to faciiitate
synthesis. The protecting group is removed and N-acetylated using acefic anhydride
followed by selective cleavage of the wDde groups.

A resin, particuiarly a 2-chiorotrityl resin, is to be favored which is acid sensifive and
thus enables the isolation of protected peptides.

In a specific embodiment of the invention, the coupling reaction is performed in the
solution phase. Selective cleavage from the resin under mild conditions then release the

internally protected peptides.

Soluticn-phase couplings were achieved successfully with the peptides derived from a
B-amyloid protein sequence such as, for example, a AB1.6 (SEQ ID NO: 2} o a PEG
molecule modified by a fatty acid ~ phesphatidylcholine such as, for example, DSPE.
Separation of the mono- and di-coupled products before final side-chain deprotections
can be achisved by using cation-exchange chromatography. Subsequent peplide side-
chain depretections leads to the isolation of the desired conjugates with an acceptabie
purity. Purification can be achieved by methods well known in the art such as, for
- example, HPLC. =ic.

This approach to the synthesis of N- and C-terminal lipid-PEG R-amyloid antigens using
protected peptides is applicable to a wide variety of peplide sequences.

Liposomal antigens according fo the invention may then be prepared as described in
Nicolau et al, 2002. The modified amyloid AR antigenic peplide, particularly the
modified PEG- and paimitoylated AR.1s, -AB1.1s, ABrsara, AB z2.35 and ABzs4c anfigenic
peptide may be reconstituted in a construct consisting of liposomes, particutarly
iposomes made of dimyristoyl phosphatidyl choline (DMPC), dimyristoyl phosphatidyt
gthanotamine (DMPEA), dimyristoy! phosphatidyl glycerol (DMPG) and cholestero!,
opticnally containing monophosphoryl lipid A,

In a specific embodiment of the invention fiposomes with fipid A are used as adjuvant to
prepare ihe antl-amyloid vaccine. Dimyristoviphosphatidyvi-choline, -glycerol and
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cholesterol are mixed, parliculardy in a2 molar ratic of 0.8:1.0:0.7. A strong

immunmoduiator such as, for example, monophosphory! lipid A is then added at 2
suitable concenfration, paricularly st 2 concentration of between 30 and 50 mg per ‘
mimol, more particularly at 40 mg per mmot of phospholipids. The modified antigenic A
peplice is then added at a molar ratio peptide to phespholipids of between 1:30 and
1:200, particularly at a molar ratio of between 1:50 and 1:120, more particularly of 1:100.
Solvents are removed, for example through evaporation, and the resulting film hydrated

with sterile buffer soiution such as, for example PBS.

Liposomes may also be prepared by the crossflow injection technique as described, for
example, in Wagner et al (2002) Journai of Liposome Research Vol 12(3), pp 259 - 270.
During the injection of lipid solutions into an aqueous buffer system, lipids tend fo form
‘orecipitates”, followed by seff arrangement in vesicles. The obtained vesicle size
depends on factors such as lipid concentration, stirring rate, injection rate, and the
choice of lipids. The preparation system may consist of a crossflow injection moduie,
vessels for the polar phase (e.g. a PBS buffer solution), an ethancl/lipid solution vessel
and a pressure device, but particutarly a nitrogen pressure device, While the agueous or
polar solution is pumped through the crossflow injection module the ethanolflipid
solution is injected into the polar phase with varying pressures applied.

The liposome still functions as an adjuvant and the peptide being sufficiently far away
from the bilayer can be processed alone and thus increases its immunogenicity as

compared to the palmitoylated antigen.

The free PEG terminus is covalently atlached to a molecule of phosphatidyl-
sthanolamine (where the fatty acid can be: myristic, paimitic, stearic, oleic efc. or 2
combination thereof) fo funclion as the anchoring element This supramolecutar
structure may be anchored by reconstitution in liposomes consisting of phospholipids
and cholesterol (phusphatidylethano! amine, phosphatidyl glycerol, cholesterol in varied
-moiar ratics. Other phospholipids can be used. Lipid A is used at a concentration of
approximately 40 ug/pmole of phospholipids.

in certain embodiments, the palmiloylated or pegylated supramociecular antigenic
constructs comprise a peplide having the aminc acid sequence of B-amyloid. The
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peptides may also comprise or correspond to whole amyloid beta peptide and active

fragments thereof. Additionally, peptides useful for the present invention further
comprise Aliag (SEQ ID NO: 2); ABrasaiey, (SEQ 1D NO: 3); ABs (BEQ 1D NO: 1)
and active fragments thereof.

For eliciting and preparing antibodies and for determining immuogenicity of the modified
AB antigenic construct a suitable animal selected from the group consisting of mice, rats,
rabbits, pigs, birds, efc, but particularly mice, especially C57BL/6 mice are immunized
with the antigenic peptide. Immunogenicity of the antigenic construct is determined by
probing Sera samples in suitable fime intervals after immunization using a
immunoassay such as, for example, an ELISA assay.

The monocional antibodies of the present invention can be prepared using classical
cloning and cell fusion technigues well known in the art. The immunogen (antigen) of
interest, is typically administered {e.g. intraperitoneal injécﬁon) to wild type or inbred
mice {e.g. BALB/c or especially C578L/6 mice), rats, rabbits or other animal species or
fransgenic mice which can produce native or human antibodies. The immunogen can be
administered alone, or mixed with adjuvant, or exprassed from a vector (VEE replicon
vector, vaccinia), or as DNA, or as a fusion protein fo induce an immune response.
Fusion proteins comprise the peptide against which an immune response is desired
coupled to carrier proteins, such as, for example, beta.-galaciosidase, glutathione S-
fransferase, keyhole limpet hemocyanin (KLH), and bovine serumn albumin. In these
cases, the peplides serve as haptens with the carrier proteins. After the animal is
boosted, for example, two or more times, spisen cells are harvested from the
immunized animals and nybridomas generated by fusing sensitized spleen cells with a
myeloma celi ling, such as murine 8P2/0 myeloma celis (ATCC, Manassas, VA) using
the well-known processes of Kohler and Milsiein (Nature 256: 485-497 (1975)) and
Harlow and Lane {Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory,
New York 1888)).

in & specific embodiment of the invention the antigenic construct according to the
invention, particularly a vaccine composition comprising sald antigenic construct in a
pharmaceutically acceptable form, is administered in repeated doses, in pariicular in 1
to 15 doses, mare particularly in 2 to 10 doses, even more particularly in 3 to 7 doses
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but especially in 4 to B doses, in time intervals of between 1 and 10 weeks, particularly

in time intervals of between 1 and & weeks, more particularly in time intervals of
between 1 and 4 weeks, and even more particularly in time infervals of between 2 and 3
weaeks. The immune response is monitored by taking Sera samples at 2 suitéb%e tirne
after boosting, parficularly 3 to 10 days after boosting, more particularty 4 to 8 days after
boosting and more particularly § fo 6 days after boosting and determining the
immunogenicity of the antigenic construct using known methodology, particufarly one of

the commonly used immuncassays such as, for example, an ELISA assay

Immunization with the antigenic construct according to the invention, but particularly
with a vaccine composition comprising the antigenic construct according (o the invention
in a pharmaceutically acceptable form leads to a significant immune response in the
treated animal. Animals, but especially mice with therapeutic titers are selected for a
fusion of antibody producing cefls, parficularly B-lymphocytes with a continuously
growing or immortal cell line, such as a myeioma cell line. The cells are induced to fuse
by the addition of polyethyiene glycol. Therapeutic fiters are those which give a positive
result in an ELISA assay in a2 dilution of between 1.4000 and 1:8000, parficuiarly of
betweean 1:4500 and 1.5500, more particularty of 1:5000.

The resulting hybrid celis are then cloned in the conventional manner, e.g. using limiting
dilution, and the resulting clones, which produce the desired monoclonal antibodies,
cultured,

The so obtained hybridomas are chemically selected by plating the cells in a selection
medium containing hypoxanthine, aminopiarin and thymidine (HAT).

Hybridomas are subsequently screened for the ability fo produce monoclonal antibodies
against specific amyloid-associated dissases or disorders. Mybridomas producing
antibodies of interest are cloned, expanded and stored frozen for future production, The
preferred hybridoma produces a monoclonal antibody having the IgG isotype, more
preferably the igG2 isotype.

The polycional antibody is prepared by immunizing animals, such as mice or rabbits, or
any other suitable animal with supramolecular anfigenic construct ccmposﬁions of the
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present invention described above. Blood sera iz subsequently collected from the

animals, and antibodies in the sera screened for binding reactivity against the amyioid
antigen. '

The antibodies according to the invention can be prepared in a physiclogically
acceptable formutation and may comprise a pharmaceutically acceptable carrier, diluent
and/or excipient using known techniques. For example, the antibody according to the
invention and as described herein before including any functionally equivalent antibody
or functional parts thereof, in particular, the monoclonal antibody including any
functionally equivalent antibody or functional paris thereof is combined with a
pharmaceutically acceptable cérrier, diluent and/or excipient to form a therapeutic
composition. Suitable pharmaceutical carriers, diluents and/or excipients are well known
in the art and include, for example, phosphate buffered saline solutions, water,
emulsions such as oitfwater emulsions, various types of wetting agents, sterile solutions,
efc.

Formulation of the pharmaceutical composition according to the invention can be
accomplished according to standard methodology know fo those skilled in the arf.

The compositions of the present invention may be administerad to a subject in the form
of a solid, fiquid or aerosbi at a suitable, phammaceutically effective dose. Examples of
solid compositions include pills, creams, and impiantébie dosage units. Pills may be
administered orally. Therapeutic creams may be administered topicafly. implantable
dosage units may be administered locally, for example, at a tumor site, or may be
implanted for systematic release of the therapeutic composition, for exampie,
subcutaneously. Examples of liguid compostiions include formulations adapted for
injection  intramuscularly, subcutaneously, infravenously, intra-arterially, and
formulaiions for topical and intraccular administration. Examples of asrosol formulations
include inhaler %éﬁnuiations for adminisiration {o the lungs.

The compositions may be administered by standard routes of administration. In general,
the composition may be administered by topical, oral, rectal, nasal, interdermal,
intraperitoneal, or parenteral {for examnple, intravenous, subcutaneocus, or inframuscular)

routes.  In addition, the composition may be incorporated info sustained releass
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matrices such as bicdegradable polymers, the polymers being implanted in the vicinity

of where delivery ks desired, for example, at the site of a tumor, The method includes
administration of a single dose, administration of repeated doses at predetermined time
intervals, and sustained administration for a predetermined period of time.

A sustained reiease matrix, as used herein, is a mafrix made of materials, usually
polymars which are degradabile by enzymatic or acid/base hydrolysis or by dissolufion.
Once inserted into the body, the matrix is acted upon by enzymes and body fluids. The
sustained release matrix desirably is chosen by biocompatible materials such as
liposomes, polylactides (polylactide acid), polyglycolide (polymer of giycolic acid),
polylactide co-glycolide (copolymers of lactic acid and glycolic acid), polyanhydrides,
poly{ortho)esters, polypeptides, hyaluronic acid, collagen, chondroitin sulfate, carboxylic
acids, fatty acids, phospholipids, polysaccharides, nucleic acids, polyamino acids,
amino acids such phenylalanine, tyrosine, isoleucine, polynucleotides, polyvinyl
propylene, polyvinylpyrrolidone and silicone. A preferred biodegradable matrix is a
matrix of one of either polviactide, poiygiycoiide, or polyiactide co-glycolide (co-
pelymers of lactic acid and giycolic acid).

it is well know to those skilled in the pertinent art that the dosage of the composition will
depend on various factors such as, for example, the condition of being treated, the
particular composition used, and other clinical factors such as weight, size, sex and
general health condition of the patient, body surface area, the particular compound or
composition to be administered, other drugs being administered concurrently, and the
route of administration. |

The composition may be administered in combination with other compositions
comprising an biologically active substance or compound, particularly at least one
compound selecied from the group consisting of compounds against oxidative stress,
anti-apoplotic compounds, metal chelators, inhibitors of DNA repair such as pirenzepin
and metabolites, 3-aminc-1-propanesulfonic acid (3APS), 1,3-propanedisulfonate
(1,3PDS}, secretase activators, B- and v -secretase inhibitors, {au proteins,
neurotransmitter, B-sheet breakers, anti-inflammatory  molecules, ‘“atypical
antipsychotics” such as, for exampie clozapine, ziprasidone, risperidone, aripiprazole or
olanzapine or cholinesterase inhibitors {(ChEls) such as tacrine, rivastigmine, donepezil,
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and/or galantamine and other drugs and nutritive supplements such as, for example,

vitamin B12, cystein, a precursor of acetvicholine, lecithin, cholin, Ginkgo biloba,
acyetyl-L-carniting, idebencne, propeniofyfline, or a xanthine derivative, together with an
antibody according to the present invention and, optionally, a phamaceutically
acceptable carrier and/or a diluent andfor an excipient and procedures for the treatment
of diseases.

Proteinacaous pharmaceutically active matter may be present in amounts between 1 ng
and 10 mg per dose. Generally, the regime of administration should be in the range of
between 0.1 pg and 10 mg of the antibody according to the invention , particularly in a
range 1.0 pg to 1.0 mg, and more particularly in a range of between 1.0 pg and 100 ug,
with all individual numbers failing within these ranges also being part of the invention. if
the administration oceurs through continuous infusion a more proper dosage may be in
the range of between 0.01 pg and 10 mg units per kilogram of body weight per hour
with alt individual numbers falling within these ranges alse being part of the invention.

Administration will generally be parenterally, eg intravenously. Preparations for
parenteral administration include sterile aguecus of non-agueous  solutions,
suspensions and emulsions. Non-aqueous solvents include without being limited fo it,
propylens glycol, polyethylene glycol, vegetable oil such as olive off, and injectable
organic esters such as ethyl oleate. Aqueous solvents may be chosen from the group
consisting of water, alcohol/aqueous soiutions, emulsions or suspensions including
saline and buffered media. Parenteral vehicles include sodium chloride solution,
Ringer's dexirose, dextrose and sodium chioride, lactated Ringer's, or fixed oils.
Intravenous vehicles include fiuid and nutrient replenishers, electrolyte replenishers
{such as those based on Ringer's dextrose) and others. Preservatives may also be
present such as, for example, antimicrobials, anti-oxidants, chelating agents, inert
gases, alc.

The pharmaceutical composition may further comprise proteinaceous carriers such as,
for example, serum albumine or immunoglobuling, particutarly of human orgin. Further
biologically acfive agents may bs present in the pharmaceutical composifion of the
invention dependent on is the intended use. |
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In a further embodiment the present invention provides methods and kits for the

detection and diagnosis of amyloid-associated diseases or conditions, for diagnosing a
pr@ciispéa%ﬁan to an amyloid-associated disease or cohdition or for monitoring minimal
residual disease in a patient or for predicting responsiveness of a patient to a treatment
with an antibody or a vaccine composition according fo the invention and as described
herein before. These methods include known immunological methods commonly used

for detecting or guantifying substances in biological samples or in an in situ condition.

Diagnosis of an amyloid-associated disease or condition or of a predispesition to an
amyloid-associated disease or condition in a patient may be achieved by detecting the
immunospecific binding of a monocional antibody or an active fragment thereof to an
epitepe of the amyloid protein in a sample or in situ, which includes bringing the sampie
or a specific body part or body area suspected to contain the amyioid anfigen into
confact with an antibody which binds an epitope of the amyioid protein, allowing the
antibody to bind to the amyloid antigen to form an immunological complex, detecting the
formation of the immunological complex and correlating the presence or absence of the
inmunological complex with the presence or absence of amyloid antigen in the sample
or specific body part or area, optionally comparing the amount of said immunologicat
complex to a normal control value, wherein an increase in the amount of said aggregate
compared to a normal control value indicates that said patient is suffering from or is at

risk of developing an amyloid-associated disease or condition.

Monitoring minimal residual disease in a patient foliowing treatment with an antibody or
a vaccine composition according to the invention may be achieved by detecting the
immunospecific binding of a monoclonal antibody or an aclive fragment thereof fo an
epitope of the amyloid protein in 2 sample or in sifu, which includes bringing the sample
or a specific body part or body area suspected to confain the amyloid antigen into
contact with an antibody which binds an epitope of the amyloid protein, allowing the
antibody to bind to the amyioid aniigen to form an immungological complex, detecting the
farmation of the immunclogical complex and correlating the presence or absence of the
immunociogical complex with the presence or absence of amyloid antigen in the sample
or specific body part or areé, optionally comparing the amount of said immunological
complex to a nomial control value, wherein an increase in the amount of said aggregate
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compated fo a normal control value indicates that said patient may still suffer from a

minimal residual dissase.

Predicling responsiveness of a patient fo a freatment with a vaccine composition
according to the invention may be achievaed by detecting the immunespecific binding of
a monocional antibody or an active fragment thereof to an epitope of the amyloid protein
in a sample or in sifu, which includes bringing the sample or a specific body part or body
area suspected to contain the amyloid antigen into contact with an antibody which binds
an epitope of the amyloid protein, allowing the antibody fo bind to the amyloid antigen to
form an immunological complex, detecting the formation of the immunological complex
and correlating the presence or absence of the immunological complex with the
presence of absence of amyloid antigen in the sample or spacific body part or area,
optionally comparing the amount of said immunological complex before and after onset
of the treatment, wherein an decrease in the amount of said aggregate indicates that

said patient has a high potential of being responsive fo the treatment.

Biological samples that may be used in the diagnosis of an amyloid-associated disease
or condition, for diagnosing a predisposition fo an amyloid-associated disease or
condition or for monitoring minimal residual disease in a patient or for predicting
responsiveness of a patient to a treatment with an antibody or a vaccine composition
according fo the invention and as described herein before are, for example, fluids such
as serum, plasma, saliva, gastric secretions, mucus, cerebrospinal fluid, lymphatic fluid
and the like or tissue or cell sampies obtained from an organism such as neural, brain,
cardiac or vascular tissue. For determining the presence or absence of the amyloid
antigen in a sample any immuncassay known to those of ordinary skill in the art (See
Harlow and Lane, Antibodies: A Laboratory Manuat (Cold Spring Harbor Laboratory,
New York 1988 555-612)) may be used such as, for example, assays which utilize
indirect detection methods using secondary reagents for defection, ELISA's and
immunoprecipitation and aggiutination assays. A detailed description of these assays is,
for example, given in WO96/13580 to Maertens and Stuyver, Zrein et al. (1998) and
WOGG/20605.

For in situ diagnosls, the antibody or any active and functional part thereof may be
administered to the organism o be diagnosed by methods known in the art such as, for
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example, intravenous, intranasal, intraperitoneal, intracerebral, intraarierial injection

such thal a specific binding between the antibody according io the invention with an
eptitopic region on the amyloid antigen may occur. The antibody/antigen compiex may
be detected through a label aftached to the antibody or a functional fragrnent thereof.

The immunoassays used in diagnostic applications or in appiications for diagnesing &

pradisposition to an amyloid-associated disease or condition or for monitoring minimat

residual disease in a patient or for predicting responsiveness of z patient to a treatment

with an antibody or a vaccine composition according to the invention and as described

nerein before. Typically rely on labelled antigens, antibodies, or secondary reagents for

detection. These proteins or reagents can be labelled with compounds genearally known -
to those skilled in the art including enzymes, radicisotopes, and fluorescent,

luminescent and chromogenic substances including colored particles, such as colloidal

gold and latex beads. Of these, radioactive labeliing can be used for almost all types of
assays and with most variations. Enzyme-conjugated labels are particutarly useful when

radioactivity must be avoided or when guick resuits are nesded. Ffuorechromes,‘
alihough requiring expensive equipment for their use, provide a very sensitive method

of detection. Antibodies useful in these assays include monocclonal antibodies,

polyclonal antibodies, and affinity purified polycionai antibodies.

Alternatively, the antibody may be labelled indirectly by reaction with [abelled
substances that have an affinity for immunoglobulin, such as protein A or G or second
antibodies. The antibody may be conjugated with 2 second substance and detected
with a labelied third substance having an affinity for the second substance conjugated to
the antibody. For example, the antibody may be conjugated to biotin and the antibody-
biotin conjugate detected using labelied avidin or streptavidin.  Similarly, the antibody
may be conjugated fo & hapten and the antibody-hapten conjugate detected using
labelled anti-hapten antibody.

Those of ordinary skill in the art will know of these and other suitable labels which may
be emploved in accordance with the present invention. The binding of these labels to
antibodies or fragments thereof can be accomplished using standara techniques
commonly known fo those of ordinary skill in the art. Typical technicues are described
by Kennedy, J. H,, et al., 1876 (Clin. Chim. Acta 70:1-31), and Schurs, A. H. W. M., et al.
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1977 (Clin. Chim Acta 81.1-40). Coupling technigues mentioned in the latter are the

glutaraldehyde method, the pe_riodate method, the dimaleimide method, and others, all
of which are incorporated by reference harein.

Current immunoassays ufilize a double antibody method for detecting the presence of
an analyte, wherein, the antibody is labeled indirectly by reactivity with a second
antibody that has been labeled with a detectable label. The second antibody is
preferably one that binds to antibodies of the animal from which the monoclonal
antibody is derived. In other words, if the monoclonal antibody is 2 mouse antibody,
then the labeled, second antibody is an anti-mouse antibody. For the monoclonal
antibody to be used in the assay described below, this label is preferably an antibody-
coated bead, particularly a magnetic bead. For the polyclonal antibody to be employed
in the immunoassay described herein, the label is preferably a detectable molecule

such as a radioactive, fiuorescent or an electrochemiluminescent substance.

An alternative dauf}le antibody systern, often referred to as fast format systerns because
they are adapted to rapid determinations of the presence of an analyte, may also be
employed within the scope of the present invention. The system requires high affinity
between the antibody and the analyte. According to one embodiment of the present
invention, the presence of the amyloid antigen is determined using a pair of antibodies,
each specific for amyloid antigen. One of said pairs of antibodies is referred to herein as
a "detector antibody” and the other of said pair of antibodies is referred to herein as a
"capture antibody". The monocional aniibody of the present invention can be used as
either a capture antibody or a detector antibody. The monoclonal antibody of the
present invention can also be used as both capture and detector antibody, together in a
single assay. One embediment of the present invention thus uses the double antibody
sandwich method for detecting amyleid antigen in a sample of biological fiuid. In this
method, the analyte (amyioid antigen) is sandwiched betwaen the detector antibody and
the capture antibody, the capture aniibody being irreversibly immobilized onte a solid
support. The detecior antibody would contain a detectable label, in order to identify the
presence of the antibody-analyte sandwich and thus the presence of the analyte.

txemplary solid phase substances include, but are not limited to, microtiter plates, test
tubes of polystyrene, magnetic, plastic or glass beads and slides which are well known
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in the field of radioimmunoassay and enzyme immunoassay. Methods for coupling

antibodies to solid phases are also well known to those skilled in the art. More recently,
a number of porous raterial such as nylon, nitroceliulose, celivlose acstats, glass fibers
and other porous polymers have been employed as solid supports,

The present invention also refates to a diagnostic kit for detecting amyloid antigen in a
biclogical sample comprising a composition as defined above. Moreover, the present
invention relates fo the latter diagnostic kit which, in addition to a compesition as
defined above, also comprises a detection reagent as defined above. The term
"diagnostic kit" refers in general to any diagnostic kit known in the art. More specifically,
the latter term refers to a diagnostic kit as described in Zrein et al, (19988),

it is stilf another object of the present invention to provide novel immunoprobes and test
kKits for detection and diagnosis of amyloid-associated diseases and conditions
comprising antibodies according fo the present invention. For immunoprobes, the
antibodies are directly or indirectly attached 1o a suitable reporter molecule, e.g., an
éﬁzyme or a radionuclide. The test kit includes a container holding one or more
antibodies according to the present invention and instructions for using the antibodies
for the purpose of binding to amyloid antigen to form an immunological complex and
detecting‘the.fonnation of the immunological complex such that presence or absence of

the immunological complex correiates with presence or absence of amyioid antigen.
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EXAMPLES

Antigens used fo raise mouse Monoclonal Antibodies

Mouse mAb Antigen/Sequence | Linker Anchor Adiuvant
mACIH-01-Ab7 AP1.1s PEG OSPE Lipid A
mACI-02-AbS AB116 (a14) PEG DSPE Lipid A
mACI-11-Ab9 ABzz.as PEG DSPE Lipid A
mACHK12-Ab11 | ABzsan PEG DSPE Lipid A
mACH-24-Ab4 AR5 - Paim Lipid A

Table 1. Antibodies and antigenic constructs used for raising said antibodies

EXAMPLE 1: Methods for Making Palmitoviated ABi4s Supramo!ecufar Antigenic
Consfructs

Synthesis of tetra(palmitoyl lysine}-AB1-15 peptide antigen

The palmitoylated amyloid 1-15 peptide was synthesized following an improved
previously reported method (Nicolau ef. al. 2002), This new approach involved on-resin
grafiing of palmitic acid o the terminal Lys residues of the pre-formed peptide rather
than stepwise solid-phase synthesis incorporating the modified amino acid 8-
fluorenyimethoxycarbony! (Fmoc)-Lys(Paf)-OH. This new approach improves coupling
efficiency and gives a product of considerably higher purity. Thus, the orthogonally
protected amino acid Fmoc-Lys{Mit)-OH was attached to a Wang resin using [2-(1 H-
benzotriazol-1-yl)-1,1,3, 3detramethyluronium  hexafluorophosphate] (HBTU) coupling
chemisiry. The Fmoc group was removed using 20% piperidine in DMF and a second
residue of Fmoo-Lys(Mit}-OH was coupled. Standard auiomated peptide synthesis
using Fmoc/ABu chemistry and standard side~chain protecting groups was then used o
coupie on the next 15 amino acids to vield a pepiide sequence as given in SEQ ID
NOs: 1. Finally, the last two amino acids coupled were Fmoc-Lys(Mtt)-OH. The Mtt
groups were then selectively cleaved using 1% trifluoroacetic acid (TFA) in
dichioromethane fo release a peplide fragment and then coupled fo palmitic acid using
HBTU. After resin wash, the Fmoc group was removed with 20% piperidine in
dimethylformamide (DMF) and finally simultaneous resin cleavage and side-chain
deprotactions were carred out using TFA under standard conditions. Trituration from
cold diethyl ether gave the product as a white solid. Electrospray mass speciromstry
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confirmed the identity of the product (mfz expected: 1097.8 ([(M]3+); found: 1096.8 (M-

3HI3), with no other tri-, di- or mono-palmitoviated peplides detected.

EXAMPLE 2: Methods for Making Supramolecular Antigenic Constructs

Synthesis of Pegylated R-amyloid peptide antigen

To enhance the immune response, another anchor/spacer has been applied fo
reconstifute the peptide in the liposome, e.g. polyethylene glycol (PEG). PEG was
covalently attached o the lysine residue bound at both termini of the peptide. At the
other end of the chain (PEGn=70} phosphatidyl ethanol amine (PEA) was covalently
bound to function as the anchering eiement in the liposome bitayer. Thus, the liposome
stilt functions as an adjuvant and the peptide being sufficiently far away from the bilayer
can be processed alone and thus increases ifs immunogenicity as compared to the
palmitoyiated antigen.

The supramolecular constructs described hersin were uniguely synthesized using
standard Fmoc/ABu amino acid side-chain profections. Typically, pegylation of peptides
results in mixtures of regicisomers. Herein a convenient method for the site-specific
attachment of a PEG-lipid conjugate to both the C- and N- temminus of AB is
demonstrated using partially protected peptides. ‘

For these peplide sequences containing internal Lys or His residues (1-16, 1-18A14,
22-35), an orthogonally protected Lys{ivDde) was added {0 each terminus. An additional
Gly was added fo the C-terminal to facilitate synthesis, The Fmoc group was removed
with 20 % piperidine in DMF and N-acetylated using acetic anhydride. Selective
cleavage of the ivDde groups was achieved with 3 % hydrazine hydrate in DMF for one
hout. The 2-chlorotrityl resin was favored over the more widely used Wang resin since
the former proved fo be much more resistant {o hydrazinolysis. Furthermore, the 2-
chiorotrityt resin is extremely acid sensitive and thus, uniike the Wang resin, enables the
isolation of protected peptides. Indeed, it waé necessary o perform the coupling
reaction in the solution phase as coupling of the resin-bound peplide 1© the pre-
activated pegylated lipid reagent DSPE-PEG-SPA did not give rise to any coupling
product. Thus selective cleavage from the resin under mild conditions {acetic acid /
trifluorcethanol 7 dichloromethane, 1:1:8, 1h, rf) gave the internally protected peptides.
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Solution-phase couplings were achieved successfully with the peplides derived from
seguence AR5 (SEQ 1D NO; 2) o DSPE-PEG-SPA in DMSC and excess base. The
reactions were then guenched by the addition of excess ethanclamine for 2 h and the
solution lyophifized.

For the sequence 29-40, no special protection strategy is required.

Purification by HPLC (semi-preparative reverse-phase C; column) gave between 50-
70% purity of the N- and C- terminal PEG-lipid conjugates whose identilies were
confirmed by MALD! {malrix assisted laser desorption ionization). Each sequence
showed considerabie variation in the ease of the coupling reaction and conditions were
adjusted accordingly (temperature, number of molar equivalents DSPE-PEG-SPA, time).
For the separation of excess DSPE-PEG-SPA from the desired product HPLC
purification is applied. Separation of the mono- and di-coupled products before final
side-chain deprofections can be achieved by using cation-exchange chromatography,
Subsequent peptide side-chain deprotections and separation of the excess guenched

DEPE-PEG-8PA lead to the isolation of the desired conjugates with an acceptable
purity.

This approach to the synthesis of N- and C-terminatl lipid-PEG L-amyloid antigens using
protected pepiides is applicable to a wide variety of peptide sequences.

EXAMPLE 3: Antibodies Elicited by Supramolecular Antigenic Constructs
31 Manufacturing of mAbs raised against Palmitoviated AB...s Supramolecular
Antigenic Construct ;

Palmitoyiated antigen (ACH-24, ABy.s) was used for the immunization in C57BL/6 mice
in 2 week intervals. 10-12 animals were immunized with each antigen (Injection vob;
200ul containing 8 nmoles peptid). Last injection was performed 4 days hefore sacrifice
of the animals, After 5 boostings mice with therapeutic titers (when a 1:5,000 dilution of
the sera weare positive in ELISA) were selected for a fusion. Spleen cells are harvested
from the immunized animals and hybridomas generated by fusing sensitized spleen
cells with a myeloma cell line. The fusion of the mice's B-lymphocytes from the spleens
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was conducted with celis of mysloma celi line SP2-0. (ATCC, Manassas, VA) using the

weall-known processes of Kohler and Milstein (Nature 258: 485-497 (1975)) and Harlow
and Lane {(Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory, New York
1988))

The cells are induced fo fuse by the addition of polyethyiene glycol. The resuliing
hybrid cells are then cultured for 10 £ 14 day in the conventional manner to allow clonal
growth. Initial clonal selection was made using lEmiting dilution. 1gG producing
hybridoma clones were selected and tested for their specific binding to the AP
peptide by ELISA and the resuiting clones, which produce the desired monocional
antibodies, cultured.

The so obtained hybridomas are chemically selected by plating the cells in a selection
medium contzining hypoxanthine, aminopterin and thymidine (HAT).

Hybridomas are subsequently screened for the ability fo produce monoclonal antibodies
against specific amyicid-associated diseases or disorders. Once the mother clone was
identified, It was subcloned four times to assure monoclonality and allow the hybrid to
stabilize.

Hybridomas producing antibodies of interest are cloned, expanded and stored frozen for
future production.

The aniibody was isotyped by a commercially available mouse monoclonatl isotyping kit
and the stable cione was adapted to serum free medium and placed in & bioreactor for
antibody production.

The preferred hybridoma produces a moenoclonal antibody having the g isotype, more
preferably the 1gG1 isotype.

3.2  Manufacturing of mAbs raised against Pegviated PEG-ABi.qs ABs. 11 AB2.ss and
AB.eso Supremoleculzr Antigenic Constructs:

Liposomal antigens were prepared as described (Nicolau et al, 2002, PNAS, 89, 2332-
37). The sequences PEG-AR1.15 ABs. 11, Azzas and ABasap (Figure 1) were reconstituted
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in a construct consisting of liposomes made of dimyristoyl phosphatidy! choline (DMPC),

dimyristoyl phosphatidyl ethanclamine (DMPEA), dimyristoy phosphatidyl glycerol
{DMPG) and cholesterc! (0.8: 0.1: 0.1: 0.7 molar ratios) containing ménophesphmyi lipid
A (40mg/mM phospholipids). These antigens and pegylated ARy were used for the
immunization in C57BL/G mice in 2 week intervals. 10-12 animals were immunized with
each antigen. Afier 3 to 6 boostings, mice with therapeutic fiters (when a 1:5,000
dilution of the sera were positive in ELISA} were selected for a fusion. Spleen cells are
harvested from the immunized animals and hybridomas generated by fusing sensitized
spleen cells with a myeloma cell line. The fusion of the mice's B-lymphocytes from the
spleens was conducted with celis of myeloma cell fine SP2-0. (ATCC, Manassas, VA)
using the weli-known processes of Kohler and Milstein (Nature 258: 485-497 (1975))
and Hariow and Lane (Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory,
New York 1988}

The celis are induced to fuse by the addition of polyethylene glycol. The resulting
hybrid celis are then cloned in the conventional manner, e.g. using limifing dilution. igG
producing hybridoma clones were selected and tested for their specific binding to the
AB142 peptlide by ELISA and the resulfing clones, which produce the desired monocional
antibodies, cultured.

The so obtained hybridomas are chemically selected by plating the cells in 2 selection
medium containing hypoxanthine, aminopterin and thymidine (HAT).

Hybridomas are subseguently screened for the ability to produce monoclonal anfibodies
against specific amyloid-associated diseases or disorders. Hybridomas producing
antibodies of interest are cloned, eipanded and stored frozen for future production. The
preferred hybridoma produces a monocleonal antibody having the 1gG isotype, more
preferably the IgG1 isotype.

EXAMPLE 4: Specificity Determinafion for antibody mACL-24-Ab4

To analyze the specificity of the antibody mACIH-24-Ab4, different concentrations of pre-
formed Amylaid 1-42, 1-40 and 1-38 fibrils were blotted onto Hybond ECL Nitrocelluiose
Membrane (Amersham Biosciences). After blocking with 10% dry milk and 0.7 % Tween



20, membranes were incubafed with g}ﬁmzi’y antibody at 20 ug/mil for 2h at RT. After
washin@, membranes were incubalad with horse radish peroxidase conjugated sheep
anti-mouse igG antibody (Amersham Biosciences) for 1 h at RT, washed and incubated
with cheminluminescent solution followed by the exposure of the membrane to X-ray
fiim.

To measure binding of the mAb mACH-24-Ab4 to amyloid § 142 fibers, A 1-42, 1-40
and 1-38 fibers were pre-formed for seven days at 37°C and blotted on the membrane.
20 ug/mi antibody was used to measure binding capacity and the bound antibcdy was
detected by horse radish peroxidase conjugated sheep anti-mouse IgG antibody for 20
minuies expaosition. '

As it could be demonstrated by Dot Blot analysis, the antibody mACI-24-Ab4 binds to
different pre-formed AR fibers with different sensitiveness. The antibody exhibits the
highest binding sensitivity to AB.4z fibers than for A8ugor AB+.as. It is able to detect at
ieast 0.001 ug of AP+ fibers whereas the detection limit of the antibody for AB g fibers
is at least 0.1 pg and for the ABy3s fibers 1 ug, meaning the sensitiveness is 100fold fo
a 1000fold less for these types of amyloid fibers. These data demonsirates that the
anfibody ACIH-24-Ab4 is at least a 100fold more sensitive to the amyloid form (1-42)
which i$ Known o become insoluble by change of secondary conformation and being
major part of amyloid plaques in brains of AD patients.

EXAMPLE &: Binding éf AC Immune’s monocional Antibody mACLD1-AbY C2 o
Amyloid Epecies in Western Blof and Dot Blot

To determineg whether the binding of the mouse antibody mMACI-01-Ab7 G2 is dependent
on the native conformation of AR a comparison of the binding to linearized amyloid by
Western Blot or native amyloid on Dot Biot was performed (Figures 2z and 2b) f

Amyloid monomers were generated by dissolving AB1-42 peptide in HFIP and the
solvent evaporated under argon. Dried peptide film was stored at -80°C until use, For
preparation of monomers, the peptide film was resupended in DMSO fo a concentration
of 2.75pg/ul and diluted in PBS fo 1ug/ul. For preparation of ofigomers, dried peptide
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film was resuspended in DMSO to 5mM, sonicated and PBS added o reach 400uM

amyioid followed by the addition of 8DS to a final concentration of 8.2%. After 6 hour
incubation at 37 °C, the amyloid was diluted In water {o a final concentration of ‘i%p?\ﬁ'
and mncubated ancther 18h at 37°C. The amvloid oligomers were precipitated with jce-
cold 33% methanol, 4% acetic acid solution for 1h at 4°C, spun down at 16200g for 10
minutes and the peliet resuspended in 5mi Na2H2P04, 35mM NaCl pH 7.4 to a final
concentration of 1ugfiyl. For preparation of fibers, peptide film was diluted in Tris-HCH
50mM buffer to get a concentration of 1mg/mi of amyloid and incubated at 37°C for 5
days. The fubes were spun at 10000g for 5 minutes and the pelief resuspended in 0.1M
carbonate buifer pH 9.6 to reach 1ug/ul.

1 or S5pg of monomers, oligomers or fibers were diluted in PBS and in loading buffer and
applied to a 12% SDS-PAGE and the gel transferred to nitrocellulose membranes.
Alternatively, 3 or 1ug or 100 and'mng of amyloid species were diluted in PBS and
were dotted directly onto the nitroceifulose membrane and the membranes dried at RT
for 1 hour. After biocking for 30 minutes with Casein solution (Vector), the membranes
were incubated for 30 minutes with mACL01-Ab7 C2 or 6510 {Chemicon) antibodies
diluted to tug/mi in Casein solution. Affer 3 washes in Casein solution, the membranes
were incubated at RT for 30 minutes with HRP-labeled goat anti-mouse 1gG (Dako
Cytomation} diluted in Casein solution, washed 3 fimes and developed with DAB
substrate (Dako Cylomation).

The monocional mouse antibody mACH01-Ab7 C2 bound specifically o monomers,
oligomers and fibers in the Dot Blot assay as did the positive control antibody BE10. In
contrast, the mACI-01-Ab7C2 antibody did not defect linearized amyloid species by
Western Blot in confrast to the 8E10 anfibody which clearly recognized all linearized
pepfides. This result demonstrates that the binding of mACH-01-Ab7 G2 1o amvloid is
dependent on the native conformation of amyloid.

EXAMPLE 8: mACI01ALY G2 -AB.4; interactions ‘
The interactions between AC immune's lead antibody mACHI01-Ab7 CZ (mC2Z) with
amyloid peptide A4y was studies using surface piasmon resonance. The binding of
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the mouse antibody mACI-01-Ab7 C2 to either monomers or fibers of AB.gp were

determined.

All SPR experimenis were carfied out on a Biacore X instrument (Biacore AR).
Reagents for immobilization (EDC, NHS and sthanolamine}, sensor chips CMS and SA
as well as running and sample buffer HBS-EP were purchased from Biacore AB.
Sodium acetate (10 mM, pH 5.0) was used as coupling buffer to increase coupiing yield.
Fibrillar ABs42 (BAchem) was prepared by adding PBS buffer to ARz to a final
concenciration of 3 mg/miand leaving the vizls at 37 °C for 7 days. Fibriltar A4 was
coupled to a CM5 sensor chip containing a surface-bound carboxymethyl dextran matrix.
Biotinylated fnanomeric AB-.4» (Bachem} was coupled to a Sensor chip SA consisting of
carboxymethyl dextran matrix with covalently attached Streptavidin. Typically four or five
concentrations of mAb were assayed by serial dilutions using running buffer. Injections
were performed starting from the lowest conceniration and were passed over both f¢ 1
and 2 at a flow rate of 30 ul/min for 3 min. Flow cell 2 was underivatised and responses
were subtracted from fc 1 fo correct for instrument noise and bulk refractive changes.
After injection was finished, the surfaces were washed immediately with running buffer
for 5 min, To remove remaining bound antibody from the ARs4: fibrils, surface
regeneration was performed by injecting pulses of 10 mM NaQH. Kinetic analysis was
performed using aigorithms for numerical integration and global analysis using
BlAevaluation 3.0. The curves obtained for injections of analyte at different
concentrations were overiaid and the baselines adjusted to zero. For curve fitting, all

data were fit simultansously fo a 1:1 homogeneous complex.

Binding of the mouse mACI-C1-Ab7 €2 antibody io amyloid was determined to be
relatively strong. As demonstreted in Table 2, the mouse antibody mACK3{-Ab7 C2
bound specifically to immobilized Afi4afibers with an average assoclation constant (ka)
of 3.8 x 107 M/s, a dissociation constant (kd) of 1.1 x 10° 8" and therefore with the
resulting average KD of 3.5 x 107 M. Association of the mACHO1-AB7 C2 to AB
monomers was similar or slightly faster with an average ka of 1.6 x 107 Mfs but the
disscciation was more rapid giving a KD of 2.5 x 107 M.
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Table 2
Monomers Fibars

ka{HMisy  ka(ils) KDV ka(i/Ms)  ko(i/8) KD (M)
mACI-01-Ab7 G2
exp. 1 1.8E+04 | 2.7E-03 15E-07 | 24E+04| 09E-04  4.1E-08
MACH-01-Ab7 C2 5.38-03
exp. 2 1.5E+04 35E-07 | 5.60E+04 0.66E-04 1.73E-08
MACI-01-Ab7 C2
exp. 3 3.26E+04 149E-03 4.58E-08
1 average mACH-01-
Ab7 C2 1.6E+04 4.0E-03 25E-07  3.8E+04 1.1E-03  3.5E.-08

+0.21 184 - 1.41 1.66 0.3 1.53

EXAMPLE 7: Binding of mACI-01-Ab7 C2 monoclonal Antibody to Amyloid Fibers
To analyze the molecular binding side of the antibody on pre-formed fibers negatively
contrasted transmission electronic microscopy (TEM) was peﬁormed (Figures 3a and
3b).

The antibody, mACI01-Ab7 C2, was coupled with & nm colloidal goid according to 4°.
For the co-incubation of amyloid 1-42 {(Ap1-42) fibers 6.865uM fibers were incubated for
24h at RT w‘[th the gold-labeled antibody with the molar ratio of 1:100. Subseguently 5
ut of sample were incubated on the fresh glow-discharged Cu grid (mesh 200) covered
with parfodium/C film for 45 seconds, washed 3 fimes with water and 1 times with 2%
fresh diluted and filiered uranyl acetate. Samples were stained in 2% uranyl acetate for
15-20 sec. Excess of stain on the grids was sucked and consequently air-dried, Thres
grids of each sample were prepared. The grids were analyzed in transmission electron
microscopy Hitachi 7000.

The monocional antibody, mACI-01-Ab7 C2, binds directly to ARy fibers. interestingly
the antibody exhibits no symmetric binding to axis of single fibers but binds to particular
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and not ail areas of side branches of the fiber network. it seemed o be the antibody

targsts specific regions within the side branches. The potentiai explanation is a specific
secondary struciure which occurs only in this specific side branches. This hypothesis is
supported by NMR datz demonstrating that the antibody mduced transiion on
conformation and therefore it is Hikely that its binding is dependent on a conformation of
the amyioid fiber comprising a B-sheet structure.,

EXAMPLE 8: Fractionation by Density-gradient Ultracentrifugation

The properties of monoclonal antibodies in inhibiting AB+. fiber polymerization and
disaggregating of AB.s-fibers were studied by density-gradient ultracentrifugation
{Rzepecki et al., 2004) which is based on the principle to distribute between differently
sized resulting peptide fibers after incubation with and without antibodies followed by a
SDS-PAGE sedimentation analysis on a preformed gradient (OptiPrep™),
Simultansous analysis of populations of preformed AB-fibers, disaggregation and
inhibition of aggregation propetties of the co-incubated antihodies, and the binding of
the antibodies tc the fibers are cbvious advantages of this methods.,

The monoclonal antibodies raised against ABq1s (MACI-01-Ab7 C2), AB1-1aiat4y (MACH
02-AbB), ABi.s (MACI-24-Ab4), ABzzas (MACIH-11-AbB), and ABasan (MACI-12-Ab11)
were all analyzed in disaggregating assays whereas the inhibiting of agaregation
properties were studied only for the monocional antibody mACI-02-Ab6, mACH-24-Ab4,
and mACH01-Ab7 C2.

For the inhibition of AB.4z aggregation, AB1.4 monomers were incubated with mAbs at
two different molar ratios {molar ratio of monomer AR, thirty- or hundred-fold higher
than mADb) with the AR final concentration of 50 uM. Afier 24 hrs incubation at 37°C,
samples were overlayed over a discontinuous gradient of Optiprep™ and tubes were
spun at 259 000 g for 3 hrs at 4°C. 15 fractions were harvested (140 ub each), fraction
1 was the jeest dense fraction from the top of the gradient and fraction 15 is the densest
fraction from the bottom of the gradient. The pellet was also isken. The coliected
fractions were analyzed by SDS-PAGE with silver staining. The concentration AB:.4p for
inhibition assays was five times less than for disaggregation assays which decrease
amyloid aggregation kinetic and ensure measurement within the linear phase.
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For the disaggregation of preformed AB14p fibrils by co-incubation with mAbs (at two
different molar ratios 1:30 and 1100, mAb + Monomer AR with the AR final
concentration of 246 uMj), the samples were incubated for 24 hours at 37°C. After 24
hrs samples were fractioned by ultracentrifugation and separated by SDS-PAGE as
described above and befare (Rzepecki et al., 2004).

8.1 Inhibition of AB,.4» aggregation assay

it could be demonsirated that without addition of mAb, AB peptide was aggregated after
24 hrs incubation time and most of the protein was found in fractions 13-15,
demonstrating complete polymerization of the A8 peptide monomers. Successful and
significant mhibition of aggregation should result in smaller fibers or polymeric soluble
amyloid & {ABR) protein, which should be found in fractions with lower density (10-13).
Exactly this shift in bands could be demonstrated in aggregafion assay containing
mACI-01-Ab7 C2 which showed a distribution of AS peptide over fractions 11, 12 and
13.

This was confirmed in a 2™ experiment where mACI-01-Ab7 C2 caused again a shift in
bands for the majority (strongest band) from 14 to 13 and a significant solubilization of
the bands running in fraction 14 to peliet. This rﬁ_eaﬁs, that mACI-01-Ab7 C2 exhibiis a
strong capacity to inhibit polymerization of A peptide monomers into fibers and
revealed a specific binding fo the Af fibers (in fracfion 13)

Simnilar observations were made when using antibody mACI-24-Ab4 and mACI-02-Ab6.
Without addition of mAb, AS peptide was aggregated afier 24 hrs incubation fime and
most of the protein was found in fractions 13 to pellet, {pellet, very little in 12),
demonstrating complete polymerization of the AB peptide monomers. Suceessful and
significant inhibition of aggregation should be resuited in smaller fibers or polymeric
scluble amyloid & (AR} protein, which should be found in fractions with fower density, in
the inhibition of aggregation assay, mACI-24-Ab4 caused a shift in bands for the
majority (sirongest band) from 13 to 11 and 12 and a significant solubliization of the
bands running in fraction 13 fo peliet whereas mACK02-AbS caused a shift in bands
from 13 to 10 but additionally 8 complete inhibition of farger ﬁéer formation (fractionized
in 13 to pellet). These data indicate that both MAC!-24-Ab4 and mACI-02-AbG exhibit a
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strong capacity to inhibit polymerization of AR peptide monomers into fibers and

revealed a specific binding to the AB fibers (in fraction 11 and 12).

in contrast, aggregation assay containing mACHKH11-AbS, at molar ratic 1.30, showed
farger aggregates spread between fractions 12-15 and pellet. In presence of mACH12-
Ab11, at molar ratio 1:30, aggregates are found in fractions 11-15 and pellet, but with
strongest signal in fractions 11 and 12. This means, that mACI-01-Ab7 C2 and mACHk
24-Ab4 exhibit the strongest capacity to inhibit polymerization of AR peptide monomers
into fibers. mACI-12-Ab11 has significant less inhibition properties than mACIH-01-Ab7
C2, to obtain this weak inhibitory activity a three times higher molar ratio was needed.
Still, minor inhibition can be observed when compared to mACI-11-Ab8 which was not
able to inhibit AR peptéde fiber aggregation. All mAb revealed a specific binding o the
AR-fibers (for mACI-01-Ab7 G2 in fraction 11 + 12; for mACI-11-Ab9 in fraction 12 and
weak in 13; for mACI-12-Ab11 in fraction 11 and 12).

In all of the inhibition assays, pepfide was detected in the bottom fractions. The non-
bounded mAb (37 kDa, 85 kDa and bigger than 120 kDa) appeared in the upper half of

the gradient (fractions 3-9 and 4-8, respectivaly).

8.2 Disagareaation of AB..4, fibers assay

Due fo the incomplete fiber polymerization the distribution of APy fibrils alone
demonstrates a broader range of fractions (11-15). Therefore demonstration of
successful and significant disaggregation properties of the antibodies when co-
incubated with the pre-formed fibers s more difficult than in the aggregation analysis.
Only shift in the majority of the fibers towards fractions of lower density but still within
the amyloid alone fraction range would indicate disaggregation activity; for amyioid
aione the major band is fraction 12. Addition of mACI-01-Ab7 C2 at molar rafio 1:100
showed no shift of amyloid fibers fowards fraciions of lower density {stili between
fractions 11-15), but with a shift of the stronger signal within the fraction range from 12
to 11, when compared o amyloid alone. Despile non-optimal circumstances of
incompiete fiber formation, mACH01-Ab7 C2 Iindicates low but detectable
disaggregation activities.
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In contrast, the co-incubation of preformed APB.wgy fibrils with mACH-02-AbS

demonstirated no shift of bands to lower density fraction when incubated with the same
amylold peplide:antibody molar rafle fike mACI-01-Ah7 CZ. Only when a three timas
higher molar rafion of 1:30 was used amyloid fibers shifted from 12-15 (amyioid alone
without antibody co-incubation) to fractions 11-15. Therefore it seemed that mAC-01-
Ab7 C2 has slightly higher disaggregation properties than mACI-02-AbS.

The detection of bands corresponding to mAb in the lower half of gradient fraction
demonstrates binding of mACI-02-Ab8 and mACI-01-Ab7 C2 to AR+ fibrils (fraction 11
to 15 for both mAb).

The disaggregation property of mACHKL1-AB7 C2 could be confirned in a further
experiment, where complete fiber polymerization could be demonstrated by the
distribution of ABy4» fibrils in the absence of an antfibody in fractions 13 to P (pellet).
Here shifts of fibers towards fractions of lower density indicate disaggregation activity of
molar ratioc 1:100 showed a shift of the majority of amyioid fibers from 13 to 12 and
additionally a shift of the band with the lowest density from 13 towards 11. Therefore
mACI-01-Ab7 C2 indicates also a strong disaggregation activity.

The detection of bands corresponding to mAb in the lower half of gradient fraction
demonstrates binding of mACI-01-Ab7 C2 to A4, fibrils (fraction 11 to P) whereas

bands corresponding to mAb in fractions 4 to 7 indicating unbound antibody.

To summarize these results it could be successfully demonstrated that the monocional
antibody mACH01-Ab7 CZ targeting amyloid A8-peptide binds to pre-formed fibers and
is capable to inhibit in vifro aggregation from monomeric AB-peptides to fibers and

disaggregate pre-formed fibers,

Similar ahsewaf‘mns were made when using mACIH-24-Abd. Similar to aggregation
assay, complete fiber pﬁiymérization could be demonstraied by the distribution of AB4
fibrils sione in fractions 12 to P (peliet). Here shifts of fibers towards fractions of lower
density wouid indicate disaggregation activity of the antibody, when co-incubated to pre-
formed fibers. Addition of mACI-24-Ab4 at molar ratic 1:100 showed a shift of the
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majoerity of amyloid fibers from 12 to 11, Therefore mACI-24-Ab4 indicates also a strong

disaggregation activity.

EXANMPLE 9 Fluorsscent Assay to assess inhibition of ABg Fllament
Aggrégaﬁcm and Disaggregation of preformed AB,., Filaments by co-incubation
with mAb

B!S—ANS fluorescent assay

To assess the inhibition properties of the mADb the BIS-ANS {LeVine, 2002) fluorescent

assay was used which specifically detects the monomer or non-fibrillous population of

ABi42 filaments. Before fluorescent measurement, ABs.4, monomers were pre-incubated
with either buffer, served as control, or mAb (molar ratic 1100, mAb vs. AR peplide)
for 14 hours at 37°C. Relative fluorescent units were automatically recorded and resuits

were expressed as changes to the control in percentage.

mACI-02-Ab6 showed a slight inhibition capability when compared to the control (125.8
£ 28.5% vs 100 £ 28.5%). mACI-01-Ab7 C2 seamed to have weak activity (108. 0 &
30.0%) and no improvemeant compared to the control could be observed with the mAb
mACI-11-Ab3 and mACI-12-Ab11 (835 + 21.9% and 73.2 £ 47.7%). This resuit
confirms the ultracentrifugation data, in which mACI-01-Ab7 C2 exhibits larger inhibition
capacity than mACI-11-Ab3 and mACI-12-Ab11.

EXAMPLE 10: Thioflavin T (Th-T) fluorescent assay

To measure both inhibition of aggregation as well as disaggregation properties of the
mAb the Thioflavin T (Th-T) flucrescent assay was used which specifically binds 1o
fibrillar ABy42 molecules and subseauently the fluorescent emission intensity correlates
with the amount of AR flaments present in the solution.

Before fluorescent measurement, ABi4 monomers were pre-incubated with either
buffer (control), or mAb (molar ratio 1:100, mADb vs. APy.42 peptide) for 48 hours at 37°C.
Relative fluorescent units were automatically recorded and resulis were expressed as
changes to the control in percentage.
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mACK01-Ab7 C2 showed a significant inhibition capability when compared to the

controf (11.03 £ 20.7% vs 100 £ 40.5%). This result confinms the ultracentrifugation data,
in which mACH01-Ab7 C2 exhibits inhibition capacity.

To measure the disaggregation properties of the mAb the Thioflavin T (ThT) fluorescent
assay was used which specifically binds to fibrillar AB4 molecules and subsequently
the fluorescent emission intensity cormrelates with the amount of AB.4; filaments present
in the solution. Before measurement, AR fiber were preformed for 7 days (at 37°C in
PBS, pH 7.1) and then subsequently co-incubated with mADb or buffer (negative control},
for 24 hours at 37°C at molar ratio of 1: 100 {mAb vs. AB.2). Relative fluorescent units
were automatically recorded by an ELISA microtiter plate reader and resulis were
axpressed as changes io the control in percentage.

In accordance with the ultracentrifugation data mACH-01-Ab7 C2 showed also in the Th-
T disaggregation test in two independent experiments the best properties with 35 + 11%
and 64.57 + 13.58% (vs 100.0 % 15.37%), respectively, disaggregation power over the
control.

mACI-24-Ab4 also showed significant disaggregation properties (62.99 + 10.34% vs
100.0 £ 10.03%, p<0.0001) in the Th-T assay.

mACH11-AbS was somewhai less active with 28 + 14%, whereas ACI-02-Ab6 and ACl-
12-Ab11 did not exhibit significant disaggregation properties (17 + 12% and 13 + 11%
respectively).

When summarizing ulfracenirifugation and fluorescent assays mACI-01-Ab7 C2, mACI-
01-AbS and mACH-24-Ab4d showed bi-functionalily capacifies to inhibit fiber aggregation
and to shorten pre-formed ABs.ee-filaments in centrifugation experiment which could be
confirmed by fluorescent assay. Additionally, centrifugation experimant demonstrated
specific binding of the mAb to amyloid fibers,

mACI-11-AbS showed significant lower inhibition capability In ultracentrifugation, when
compared to mACI-01-Ab7 C2 even it was thres fimes highet concentrated, which could
be confirmed by BIS-ANS assay. For the disaggregation analysis mACI-01-Ab7 C2
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demonstrated in both centrifugation analysis and ThT assay properties to shorien

preformed Afig THamenis. mACHGZ-AbS, three times higher concenirated in
centrifugation experiment, was also positive in both assay but ruch stronger in
centrifugation experiment.

From the above results it is evident that that mACKG1-Ab7 C2 and mACI-02-AbS are the
only antibodies showing activity in terms of bi-functionality in interacting with ABy4p
filtaments, inhibition of aggregation and disaggregation of preformed fibers,

EXAMPLE 11: NMR and Fluorescence Characterizafion of the Interaction of mACI-
01-Ab7 C2 Monocional Antibody with *C-labeled B-Amyloid {-42 Peptide

To evaluate the potential machanism by which the mAb solubilize pre-formed fibers or
inhibit fiber formatédn, a head-to-head-experiment between Th-T fluorescent assay and
solid-state NMR of U-"°C Tyr10 and Val12-abeled B-amyloid 1-42 peptide was
perfarmed (Figure 4). Therefore the aim of this investigation was {o foliow the B-shest
iransition by solid state NMR spectroscopy in the B-amyloid peplide and in the presence
of the monoclonal antbody and to directly compare this with disaggregation capacity
rmeasured by Th-T fluorescent assay.

Solid-state NMR spectroscopy not only detects a fransition in the secondary structure,
but it also allows {o localize the domains of the APi«r-peplide which dominate the
structurat transition. Solid-state NMR has proven its applicability to the problem as it has
contributed fo the structure determination of the ARj.x-fibres (Petkova et al, 2004,
Peticova et al., 2002). In particular the correlation of the "°C, and '*Cy chemical shift with
the secondary structure (Cornilescu et al., 1998, Luca et al., 2001, iwadate et al, 1989)
15 & valuable tool {o test changes of the secondary structure within a peptide.

The synihesis of the peptide labsled including a *C pre-labeled valine at position 12
(*Val) and a °C pre-labeled tyrosine at position 10 (**Tyr) was performed by an Frnoc
synthesis protocol. ldentity and purity of the peptide were confirmed my MALD! mass
spectroscapy. The labeled B-amyloid peptide {(1-42) was used to generate fibers by
incubaiing the peptide solution in PBS buffer for 1 week at 37°C. The major problem,
the poor solubility of the amyloid B-peptide in PBS buffer, could be solvaed in the
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following manner: The pH value of the PBS buffer was temporarily increased by tiny

amounts of ammonia to dissolve the amyloid B-peptide. The original pH value of the
PES buffer was reobtained by incubating the sample in the presence of a bigger PBS
bath using the volatile character of ammonia.

To measure the effect of the B-sheet breaking antibodies, solution of fibers were
incubated with the antibody for 24 hours at 37°C for both NMR and Th-T assay. For
real-time comparison an aliquot of the same solution was used for Th-T fiuorescent

assay and the remaining solution was lyophilized for the NMR measurements.,

After analyzing first the disaggregation capacities of mACI-01-Ab7 C2 by co-incubation
with pre-formed 13C-iabeled amyloid f-fibers using Th-T fiucrescent assay, i could be
shown that the mAb disaggregated the fibers by 38%. Then NMR spectra analysis was
periormed.

To invesligate the differences betwsen PBS (confrol} and mAb incubation each
specirum was deconvoluted using PeakFit (hitp/www. systat.com/- products/PeakFit),
The lines were well matched by employing a mixed Lorentzian/Gaussian fitting
procedure, the results of which are shown in figure 4. The resuits are'sumrﬁarized in
Table 3 but the most obvious difference is the integral intensities of the two populations
that are needed fo fit the double peak around 30-33 ppm. The peak at ¢33 ppm
corresponds to the beta sheet conformation of the fibers whitst that at 30 ppm is a resutt
of random coil conformation. The sample incubated in PES showed most of the label in
a beta sheet conformation (81.7%) (Fig. 2 top) which is reduced when the sample is
incubated with mACLO1-Ab7 C2 (53.5%) (Fig. 4 bottom). The reduction in the
popuiation of the beta sheet conformation with respect fo the random coil conformation
as determined by study of the Val 12 CB is of the order of 35% and is therefore in close
agreement with that measured using fluorescence.
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PBS mACH-01-Ab7-C2
%
Resonarce | 5  1SO | FWHH | 5 ISO|FWHH | % integral
ntegral )
(ppm) | (H2) .| (ppmy | (Hz) Intensity
intensity
Val CB - '
32.60 | 478 . |817 33.08 | 366 53.5
sheet :
Val CB —|
30.27 1200 18.3 30.27 | 340 46.5
random

Table 3. Comparison of the fitted parameters for the two conformations of Val 12 CB.
The fitled chemical shifts for the two conformations are guite similar but the integral
intensities are very different, reflecting a reduction in the original beta shest
conformation by approx 35% (1-(53.5/81.7}). This is in very close agreement with the

vaiue abfained from the fluorescence measurement.

To summarize these resuits it couid be successfully demonstrated that the nﬁbnocfo’nai
antivody mACH01-Ab7 C2 targeting the N-terminal 1-186 region of amyloid A%—pepﬁdé
binds fo pre-formed fibers and is capable to inhibit /n vifro aggregation from monomeric
AB-peptides to fibers and disaggregate pre-formed fibers, as demonstrated by density
gradient ultracentrifugation experiment as well by Th-T fluorescent assay. In addition by
binding of this antibody {o pre-formed fibers, a transifion from beta shest majority fo
random coll secondary conformation environment of Val12 could be induced. This might
be the potential mechanism by which fibers could be solubilized by binding of the
monoclonal mACH-01-Ab7 C2 antibody aiso because of the detailed analysis of Val 12
CPB peak reveals reduction of beta shest component by 35% which is in close
agreement with flucrescence data (38%).

Example 12: Functionality of mACL01-AbT7 C2 on Amyloid Fibers

12.1 Modification of Conformation of AB1-42 Fibers and inifiation of Disaggregation
after Binding of the mAC-01-Ab7 C2 antibody

In order to evaluate the mechanism by which the antibody is capable to disaggregate
preformed beta-amyloid (AB1) fibers & head-o-head comparison of Thioflavin-T (Th-T)
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fluorescent assay was performed measuring disaggregation and solid-state Muclear

Magnafic Resonance (NMR) of U-°C Tyrosine10 and Valine12-labaled AB1-42 peptide
analysing secondary sonformation. The antibody solubilized 35.4 % of the preformed
AB1-42 fibers and simultanecusly induced a shift in secondary conformation from beta
sheet to random coiled. The reduction in the population of the beta sheet conformation
with respect to the random coil is of the order of 35% and is therefore in close
agreement with that measured using flucrescence Th-T assay. These data indicate that
the binding of the aniibody initiales a transition of the secondary structure which
potentially causes a destabilization of the parallel intermolecular arangement of the

beta sheets affecting a break of elongated fibers into smaller fragments.

12.2 Conformation-dependent Binding Affinity of mACI-01-Ab7 C2 antibody

Since it is well known in the scientific literature that a proportion of the antibody-anfigen
binding energy can be used to a energy-dependent maodification of the conformation of
an antigen %, a comparison experiment of the binding affinity of the mACI-01-Ab7 €2
antibody to the whole ABi.4 protein and to a smaller, nine amino acid long, pepfide
comprising the antibody’s epitope was performed. For this comparison the affinities of
the antibody mACH01-Ab7 C2 were analyzed by EUSA using biotinviated peptides
covering the complete amino-acid sequence of the mACI-01-Ab7 C2's epitope
(aminoacids 13-21 of the AB4.4z sequence, produced by Mimotopes and purchased from
ANAWA Trading SA) and a bictinylated complete AB1-42 peptide (Bachem). The
analysis was done according to the manufacturer's (Mimotopes) instructions. The
antibody binds with a 38.40% higher affinity to the peplide comprising its specific
epitope (amincacids 13-21 of the ABiaz sequence} than to the whole AB1-42 protein. It
is therefore suggested that the difference in binding affinity energy was used for the
energy-cohsuming transition of the secondary conformation of the amyloid protein to
present the antigen in a more acceptable position for the antibody interaction. This may
explain why the affinity of the antibody is lower for the native (the whole amyloid protein)
than for the isolated subunit,
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EXANMPLE 13: Conformation-specific binding of mACI-0{-Ab7 02 to different

classes of Amvicid Profein

in order 1o evaiuate the specificily of mAGEMO’i-AB? C2 o different sfages of polymerized
amyloid protein, monomeric and polymeric soluble amyloid particularty, amyleid & (AR)
protein, amnd fibrllic amyloid, an ELISA coated with these different stages of polymeric
beta-amyloid was performed. Monomers were prepared according to a modified method
published by 7, polymeric scluble amyloid, particularly, amyloid & (AB) according to ®,
whereas fibers were performed by incubation of amyloid (Bachem, Switzerland) with a
final concentration of fug/ut in Tris/HC! pH 7.4 at 37°C for 5 days followed by a
centrifugation step (10,000 rpm for 5 minutes). Then amyloid polymers were coated on
an ELISA plates with a final concentration of 35ug/mi and binding affinity ELISA by
using an anti-mouse igG monoclanal antibody (Jackson ImmunoResearch Laboratories,
inc.) labelled with alkaline phosphate was performed. The antibody binds with higher
affinity to polymeric soluble amyloid & (AB) protein (IC50 = 2.53nM) than to fibers (IC50
= 5.27nM) and with the lowest to monomers (IC50 = 8.3nM). These data indicate that -
the antibody’s binding is influenced beside ifs epifope by the conformation of the
different amyloid aggregates.

EXAMPLE 14: Epitope mapping of monoclonal antibody mACI-01-Ab7 C2

Epitope mapping of the monaclonal antibody mACI-01-Ab7 C2 was performed by ELISA
using three different peptide libraries. One library comprises a fotal of 33 bictinylated
peptides covering the complete amino acid {aa) seguence of AR1-42 (produced by
M‘imatdpes and purchased from ANAWA Trading SA), the second library contains
biotinylated peptides using pepfide 12 (8a12-20 of AB) from the first peptide library and
substituting each amino acid in the sequence by an alanine (see {able 41 below), and
the third library contains biotinylated peptides 13, 14, or 15 (aa 13-21, 14-22 or 15-23 of
AB) and substituting in each case the last aminc acids 1o an alanine or fo a glycine for
aa 21 which is already an alanine (see table 5 below). A biotinylated complete AR1-42
peptide was used as positive conirol (Bachem). Epliope mapping was done according
to the manufacturer's (Mimotopes) instructions. Briefly, Streptavidin coated plates
(MUNC) ware blocked with 0.1% BSA in PBS avernight at 4°C. Afier washing with PBES-
0.05% Tween 20, plates were coated for 1 hour at RT with the different peplides from
the library, diluted in 0.1% BSA, 0.1% Sodium Azide in PBS io 2 final concentration of
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10 uM. After washing, plates were incubated for 1 hour at RT with the mACI-01-Ab7 C2

andbody ar an isolype control mouse IgG2h antibody, diluted to 10 ug/ml in 2% BSA,
(.1% Sodium Azide in PBS. Plates were washed agaié and hcubated with alkaline
phosphatase conjugated goat anti mouse 1gG for 1h at RT. After final washing, plates
were incubaled with phosphatase substrate (pNPP)Y and read at 405 nm using an ELISA

plate reader.

it was shown that the monoclonal antibody mACIH-01-Ab7 C2 bound specifically to
peptides 12, 13, 14 and 15 of the first peptlide library. These 4 peptides comprise aa 12-
20 (VHHQKLVFF), 13-21 (HHQKLVFFA}, 14-22 (HQKLVFFAE) and 15-23
(QKLVFFAED) of AB1-42 suggesting that the epitope lies in region 12-23 of AB. A
second fibrary with alanine substitutions was used to determine the critical aa for
binding to peptide 12-20 (VHHQKLVFF). The binding of the mACI-01-Ab7 C2 antibody
is lost compietely when aa 16, 17, 19 or 20 are substituted by an alaning, indicating that
these aa are absolutely critical for binding of the antibody to AB. The binding of the
mAC01-Ab7 C2 antibody is partiafly lost when aa 15 and 18 are substituted.

The binding was also almost completely lost when aa 14 was substituted for an alanine,
indicating that aa 14 is also very impotant for binding.

Finally, a third library was used to determine whether aa 21, 22 or 23 are critical for
binding fo the epliope. The binding of the antibody to aa 15-23 was reduced when aa 23
was substituted for an alanine, indicaling that aa 23 is also impotant for binding. The
binding was partiéﬂy iost when aa 21 was substituted for a glycine and slightly lost when
aa 22 was substituted for an alanine,

Table 4. Summary of peptides used in the second library.
aa that are important for binding are marked in italics and underscored and aa
absolutely critical for binding are marked in itafics and bold and underscorad
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aa that are important for binding are marked in italics and underscored and aa

absolutely critical for binding are marked in italics and bold and underscored

p13-21 H
p13-21 G21 H
p14-22

p14-22 A22
p15-23

p15-23  AZ3
aano. 13 14

I X I I
]39.00000
AR A R XX
[ S e S S R b
‘w<<<<<<
T e t M 1 W+ e ¢

R P G K

=y
£
LEN
-3

19 20 21 22 23

EXAMPLE 18: Influence of Passive Vaccination with mACI-01-Ab7 C2 on Brain
Amyioid Load in single fransgenic hAPP Mice

To assess the in vivo capacity of the mACI-01-Ab7 C2 menocional antibody to bind and
clear soluble amyloid out of the brain, 8 month ofd single hAPP mice °, gender and age
matched, were used for a passive immunization study with different dose. Soluble
Arnyioid load was analyzed at the end of the study by harvesting the brain of the
animals and by performing an AR 1-40 and AB 1-42 specific ELISA (TGC, Gemmany).
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8-13 animals per group received two injections af an interval of one week of 100, 300
and 1000kg monocional antibody in 200u] PBS'whereas injection of PBE alone served
as control. One day after the second injection animals were saciificed for bicchemical
analysis of soluble amyloid fraction. To guantify the amount of human AB 1-40 and
human A 1-42 in the soluble fraction of the brain homogenates and/or in cerebrospinal
fluid (CSF), commercially available Enzyme-Linked-Immunoscrbeni-Assay (ELISA) kits
were used (h Amyloid 8 40 or 8 42 ELISA high sensitive, TGC, Switzerland). The ELISA
was performed according to the manufacturer's protocol. Briefly, standards (a dilution of
synthetic AR 1-40 or AR 1-42) and samples were prepared in a 96-well poiypropylene
plate without protein binding capacity {Greiner, Germany). The standard dilutions with
final concentrations of 1000, 500, 250, 125, 62.5, 31.3 and 15.8 pg/ml and the samples
were prepared in the sample diluent, furnished with the ELISA kit, to a final volume of
60 pl. Since amyloid levels increase with the age of the mouse and since the actual
evaluation requires that the readings of the samples are within the finear part of the
standard curve, the samples for AB 40 analysis were diluted 2.3, the sampies for AR 42
analysis were not diluted.

Sampies, standards and blanks (50 pl) were added io the anti- AR -coated polystyrol
plate {ca'pture antibody selectively recognizes the C-terminal end of the antigen) in
addition with a selective anti- AB -antibody conjugate (biotinylated detection antibody}
. and incubated overnight at 4°C in order fo allow formation of the antibody-Amyloid-
l antibody-complex. The following day, a Streplavidine-Peroxidase-Conjugate was added,
followed 30 minutes later by the addition of a TMB/peroxide mixiure, resulfing in the
conversion of the substrate into a colored product and the color intensity was measured
by means of photometry with an ELISA-reader with a 450 nm filter, Quantification of the
Af content of the samples was obiained by comparing absorbance o the standard
curve made with synthetic AR 1-40 or AR 1-42. Data were expressed as individual
changes to mean control value {in percent to controt).

The total amount of A 40 in brain homogenaies could be significantly reduced and
roughly non-significantly for AR 42 when single hAPP mice wére passively immunized
by o L.p. injections of monocional antibody ACID1-Ab7 C2 at a dose of 300ug (AB 40
-27.3 £ 13.9% with p<0.05; AB 42, -8.6 + 22.4 with p=0.58; unpaired Student's T test),
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whereas 100 and 1,000ug didn't reach significance. Immunization with 100pg lead to an

increase for AB 40 and AB 42 in brain homogenates (AR 40: 32.3 £ 36.8%; Ap42; 383 ¢
51.4%) whereas treatment with 1,000ug eficited the right tendency of amyloid burdeh
lowering and could be potentially effective with an increased number of animals per
group (AB 40: 2.2 + 26.0%; AB 42: -8.3 £ 15.8%). These data demonstrate that in an
acute immunization protocol the antibody mACI-01-Ab7 C2 is capable to decrease the
total amount of soluble AB in the brain of this murine AD model. Interestingly, it seems
to be that the dose-relationship is fransient but more studies with larger groups must be

performed in order to gain significant data.

EXAMPLE 16: Influence of Chronic Passive Administration of mACI-01-Ab7 C2 on
Plaque Load in double ransgenic hAPPxPS1 Mice

To assess the in vivo capacity of the mACI-01-Ab7 C2 monoclonal antibody to bind and
reduce amyloid plaques in the brain, 3.5 month old double transgenic RAPPxPST mice
' gender and age matched, were used for a 4 month long chronic passive
immunization study. Amyloid plaques were analyzed at the end of the study by
nistochemistry of the brain of the animals by binding of Thioftavin 8.

16 transgenic animals received 16 weekly injections of 500ug monoclonal antibody in
PBS. 15 animals were injected with PBS alene, serving as controls. All injections were
given infra-peritoneally. At sacrifice, mice were anaesthefized and flushed trans-
cardially with physiological serum at 4°C to remove blood from the brain vessels.
Subseguently, the brain was removed from the cranium and hindbrain and forebrain
were separated with a cut in the coronalffrontal plane. The forebrain was divided evenly
into ieft and right hemisphere by using a midline sagiftal cut. One hemisphere was post-
fixed overnight in 4% paraformaidehvde for histology. Sagittal vibratome sections (40
um) were cut for free floating incubations and stored at 4°C until staining in PBS with
0.1% sodium azide. Five sections at different levels were stained for dense plaques with
Thioflavin 8. Sections of all animals used were randomized for staining and blind
guaniification. Images were acquired with & Leica DMR rnicroscope equipped with a
Sony DXC-8100P camera and analyzed with a computer using Leica Q-Win software.
Light intensity and congenser settings for the microscope were kept constant throughout
the image acquisition process. All acquired images were subjecied to the same
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computer subroutines to minimize investigator bias. Density sfice thresholding was

applied uniformly throughout analysis. The area of the subiculum was selected for
 automatic gquantification of the amylold load in the Thioflavin S staining.

The iotal plaque load and the number of plaques in the area of subiculum could be
significantly reduced when double hAPP/PS1 mice were passively immunized for 4
months as described above. In plaque load a significant decrsase of 31% (mMACI-01-
Ab7 C2: 1.11 £ 0.21% and control: 1.61 + 0.35%; p=0.003, Mann-Whitney U-Test) could
be achieved whereas the chronic passive immunization significantly reduced the
amount of plaques by 18% (mACI-01-Ab7 C2: 8.73 £ 1.38 and control: 10.78 * 1.36;
p=0.006, Mann-Whitney U-Test), indicating that plague solubilization occurred fo a
slightly lesser degree than plaque disruption.

EXANMPLE 17: influence of Passive Vaccination with mACH-01-Ab7 C2 on Memory
Capacity in single transgenic hAPP fice

To analyze the in vivo capacity of the mACI-01-Ab7 C2 antibody to modify or increase
cegnitive functionality, 9 month oid single hAPP mice, gender and age matched, were
used for passive immunization study. Non-spatial cognition was measurad at the end of
the immunization period assed by new Object Recognition Task (ORT).

12 animals per group received two intra peritoneal injections of 400ug monoclenal
antibody in 200u! PBS whereas injection of PBS alone served as control. One day after
the second injection cognitive capability were studied in a new Obiect Recognition Task
(ORT)™ 2. For ORT enroliment mice were placed for 10 minutes into a behavioral
arena and faced o a new unknown object. Exploration time was recorded. Three hours
iater the same animals were re-placed into the same arena for a 2™ session but faced
with the old, previously explored, and additionally with a new object. Again, exploration
times for both objects were recorded and resulting cognition index was calculated as the

ratio of exploration fime for the new object related to total exploration time and
expressed as proportional changes to the control.

Passive vaccination with mACI-01-Ab7 C2 leads to a significant increase of cognitive
memory capacities in single transgenic AD mice (mACI-01-Ab7 C2: 131.6 £ 8.1% and
comtrol:100.0 £ 9.2% with p<0.085,; unpaired Student's T test and n=12 per each group).
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Deposits:

The following hybridoma cell lines were deposited with the *Dautsche Sammiung von
Mikroorganismen und Zellkulturen Gmbb (DSMZ)” in Braunschweig, Mascheroder Weg
1 B, 38124 Branuschweig, under the provisions of the Budapest Treaty:

Hybridoma line . . . .

) ) Anfibody designation | Deposition date Accession No
designation
FP 12H3 mACI-01-Ab7 01 December 2003 DSM ACC2752
FP 12H3-C2 mACI-01-Ab7C2 01 December 2005 DSM ACC2750
FP 12H3-G2 mACI-01-Ab7G2 01 December 2005 DSM ACC2751
ET7E3 mACI-02-AbS 08. December 2008 DSM ACC2755
EJ 7H3 mACI-24-Ab4 08. December 2005 DSM ACC2758
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WHAT WE CLAIM IS:

1.

An antibody or active fragment thereof, which antibody or active fragment thereof
recognizes and binds to an epitope of B-amyloid (“AB") peptide and,

(a) upon co-incubation with AR monomeric peptides 1-42, at a motar ratio of 1:100,
antibody:peptides, inhibits the aggregation of the AR monomers into high molecular

polymeric fibrils or filaments and, in addition,

(b) upon co-incubation with preformed high molecular polymeric amyloid fibrils or
filaments formed by the aggregation of AB monomeric peptides 1-42, at a molar
ratio of 1:100, antibody:preformed amyloid fibrils or filaments, is capable of

disaggregating the preformed polymeric fibrils or filaments; and

{c) upon co-incubation with preformed high molecutar polymeric amyloid fibrils or
filamenis formed by the aggregation of AB1-42 monomeric peplides is capable of
inducing a transition of the B-sheet conformation towards an ¢-helix and/or a

random coil conformation in the AR1-42 molecule.
The antibody or active fragment thereof of claim 1, which is a monoclonal antibody.

The antibody or active fragment thereof of claim 1 or 2, which comprises the light
chain variable region complementarity determining regions (CDRs) and the heavy
chain variable region CDRs of the antibody produced by hybtidoma cell line FP
12H3-C2, deposited on December 1, 2005 as DSM ACC2750.

The antibody or active fragment thereof of claim 1 or 3, which is engineered or

isolated.

The monoclonal antibody according to claim 2, or active fragment thereof, wherein
the aggregation of the AR monomers to high molecular polymeric fibrils is inhibited
by at least 85% as compared to the respective amyloid pepiide monomers

incubated in buffer {(control}).

The monoclonal antibody according to claim 2, or active fragment thereof, which
antibody is capable of disaggregating the preformed polymeric fibrils or filamenis by
at least 35%.

The monocional antibody accerding o claim 5 or 6, or active fragment thereof,
which recognizes the native conformation of amyloid in that it specifically binds to

amyloid oligomers and fibers, but not to linearized amyioid species.
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The monoclonal antibody according to claim 7, or active fragment thereof, wherein
said amyloid oligomers are comprised of multiple aggrégated monomers of amyloid
B (AB) or of modified or truncated amyloid B8 (AB) peptides or of derivatives thereof,
which form oligomeric or polymeric structures which are soluble both in vitro in

agueous medium and in vivo in the mammalian or human body, respectively.

The monocional antibody according to any one of claims 5 to 8, or active fragment
thereof, which antibody or active fragment thereof binds to an A monomer with a
binding affinity of at least about 1 x 10 M to at least about 1 x 107 M.

The monoclonal antibody according to any one of claims 5 {c 9, or active fragment
thereof, which antibody or active fragment thereof binds to an Af fiber, fibril or
filament with a binding affinity of at ieast about 1 x 107 M to at least about 1 x 107
M.

The monoclonal antibody according to any one of claims 5 to 10, or active fragment
thereof, which antibody or active fragment thereof has a high binding sensitivity o
amyloid peptide AB+.42 and is capable of detecting AR+ fibers in an amount of up
to 0.01 g of AB+.4; fibers.

The monocional antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds to a conformationai
discontinuous epitope comprising at least two distinct binding sites on B-amyloid
wherein said at least two distingt binding sites comprise at least one amino acid
residue and at least two consecutive amino acid residues, respectively,
predominantly involved in the binding of the antibody or active fragment thereof,
wherein the at least one residue constituting the first distinct binding site is Leu and
the at least two consecutive amino acid residues, constituting the second distinct
binding site, are —Phe-Phe- embedded within the following core seguence:
~ Xaas — Xaay — Xaa; ~ l.eu -Xaay — Phe - Phe — Xaas ~ Xaag — Xaar—

wherein

Xaa, is an amino acid residue seiected from the group comprising His, Asn,

Gln, Lys, and Arg;

Xaazis an amino acid residue seiected from the group comprising Asn and Gin,

Xaa; is an amino acid residue selected from the group comprising Lys, His,

Asn, Gin and Arg;
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Xaas is an amino acid residue selected from the group comprising Ala, Vai,
l.eu, norleucine, Met, Phe, and lle;

Xaas is an amino acid residue selected from the group comprising Ala, Val,
Leu, Ser and lig;

Xaag is an amino acid residue selected from the group comprising Glu and Asp;
and

Xaas is an amino acid residus selected from the group comprising Glu and Asp.

13, The monocional antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds to a conformational
discontinuous epitope comprising at least two distinct binding sites on B-amyloid
wherein said distinct binding sites comprise at ieast one and at least two
consecutive amino acid residues, respectively, predominantly involved in the
binding of the antibody or active fragment thereof, wherein the at least one and the
at least two consecuiive amino acids, which are separated by one amino acid
residue not involved in antibody or active fragment thereof binding or to a
significantly smalier extent as compared to the amino acid residues predominantly
involved in the binding of the antibody or active fragment thereof, are -His- and -

Lys-Leu-, respectively, embedded within the following core sequence:!
- His — Xaa, — Lys — Leu ~ Xaa;—~ Xaas~ Xaas—Xaag — Xaay; — Xaag ~
wherein
Xaas is an amino acid residue selected from the group comprising Asn and Gin;

Xaas is an amino acid residue selected from the group comprising Ala, Vai, Ley,

norleucine, Met, Phe, and lle;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

norleucing, Met, Phe, and llg;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

norleucine, Met, Phe, and lle;

Xaag is an amino acid residue selected from the group comprising Ala, Val, Leu,

Ser and lie;

Xaas is an amino acid residue selected from the group comprising Giu and Asp;

and
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Xaag is an amino acid residue selected from the group comprising Glu and Asp;

and wherein said amino acld residues Xaay, Xaas, Xaas, Xaay, and Xaag, are not
involved in antibody or active fragment thereof binding or to a significantty smaller

extent as compared to the —His- and the —Lys-Leu- binding site.

The monocional antibody of claim 5, or active fragment thereof, wherein said
antibody or aciive fragment thereof recognizes and binds to a conformational
discontinuous epitope comprising at ieast two distinct binding sites on B-amyioid
wherein said distinct binding sites comprise at least one and at least two
consecutive amino acid residues, respectively, predominantly involved in the
binding of the aniibody or active fragment thereof, wherein the at least two
consecutive amino acid residues representing a first binding site are —Phe-Phe-
and the at least one amino acid residue is —His- embedded within the following core

seguence:
— Xaa, - His — Xaas - Xaa4 ~ Xaas ~ Xaay — Phe ~ Phe - Xaay; — Xaag ~ Xaag
wherein

Xaaq is an amino acid residue selected from the group comprising is, Asn, Gin,

Lys and Arg;
Xaas; is an amino acid residue selected from the group comprising Asn and Gin;

Xaa,4 is an amino acid residue selected from the group comprising His, Asn, Gin,

Lys and Arg;

Xaas is an aminc acid residue selected from the group comprising Aia, Val, Leu,

Ser and lle;

Xaag is an amino acid residue selected from the group comprising Ala, Val, Leu

and lie;

Xaay is an amino acid residue selected from the group comprising Ala, Val, Leu

and lle;

Xaag is an amino acid residue selected from the group comprising Giu and Asp;

and

Xaag is an amino acid residue selected from the group comprising Glu and Asp;
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and wherein said amino acid residues Xaa., Xaas, Xaas, Xaay, Xaag and Xaay, are
not involved in antibody or active fragment thereof binding or to a significantly

smaller extent as compared {o the His and the ~Phe-Phe- binding site.

The monoclonal antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds to a conformational
discontinuous epitope comprising at least two distinct binding sites on B-amyloid
wherein said distinct binding sites comprise at ieast two consecutive amino acid
residues, respectively, predominantty involved in the binding of the antibody or
active fragment thereof, wherein the first of the at least two consecutive amino acid
residues predominantly involved in the binding of the aniibody or active fragment
thereof are —Lys- and —Leu-, and the second of the at least two consecutive amino

acid residues are ~Phe-Phe- embedded within the following core sequence:
— Xaa, — Xaap - Lys — Leu — Xaa, — Phe — Phe ~ Xaas — Xaag — Xaay —
wherein

Xaas is an amino acid residue selected from the group comprising His, Asn, Gin,

Lys, and Arg;
Xaa; is an amino acid residue selected from the group comprising Asn and Gin;

Xaa, is an amino acid residue selected from the group comprising Ala, Val, Leu,

norleucine, Met, Phe, and lig;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

Ser and He;

Xaag is an amino acid residue selected from the group comprising Glu and Asp;

and
Xaay is an amino acid residue selected from the group comprising Glu and Asp;

and wherein said amino acid residues Xaan, Xaa., Xaas, Xaag, and Xaay are not
involved in antibody or active fragment thereof binding or {o a significantly smaller

extent as compared o the ~Lys-Leu and the —Phe-Phe- binding site.

The monocional antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds to a conformational

discontinuous epitope comprising at least three distinct binding sites on B-amyloid,
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wherein said distinct binding sites comprise at least one and at least two
consecutive amino acid residues, respectively, predominantly involved in the
binding of the antibody or active fragment thereof, wherein the first of the at least
two consecutive amino acid residuss predominantly involved in the binding of the
antibody or active fragment thereof are — Lys-Leu-, and the second of the at least
two consecuiive amino acid residues are —Phe-Phe-, and the third at least one

aming residue is -His- embedded within the following core sequence:
— His ~ Xaay — Lys — Leu — Xaas — Phe — Phe ~ Xaas — Xaag ~ Xaar ~
wherein
Xaa, is an amino acid residue selected from the group comprising Asn and Gin;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

norieucine, Met, Phe, and lle;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

Ser and lie;

Xaag is an amino acid residue selectad from the group comprising Giu and Asp;

and
Xaa7 is an amino acid residue selected from the group comprising Glu and Asp,

and wherein said amino acid residues Xaa,, Xaas, Xaas, Xaas, and Xaa; are not
involved in antibady or active fragment thereof binding or to a significantly smaller

extent as compared to the —His-, the -Lys-Leu, and the ~Phe-Phe- binding site.

The monoclonal antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds to a conformationa
discontinuous epitope comprising at least three distinct binding sites on B-amyloid
wherein said distinct binding sites comprise at least one and at least two
consecutive amino acid residues, respectively, predominantly involved in the
binding of the antibody or active fragment thereof, wherein the first of the at ieast
two consecutive amino acid residues predominantly invoived in the binding of the
antibody or active fragment thereof are —Lys-Leu-, and the second of the at least
two consecutive amino acid residues are —Phe-Phe-, and the third at isast one

amino residue is -Asp- embedded within the foliowing core sequence:

— Xaa; - Xaa, — Lys — Leu — Xaa, — Phe — Phe — Xaas — Xaag— Asp —
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wherein
Xaaq is an amino acid residue selected from the group comprising His, Asn,
Gin, Lys, and Arg;
Xaas is an amino acid residue selected from the group comprising Asn and
Gin;

Xaa. is an amino acid residue seiected from the group comprising Ala, Val, Ley,

norleucine, Met, Phe, and llg;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

Ser and lig; and
Xaag is an amino acid residue selected from the group comprising Glu and Asp,

and wherein said amino acid residues Xaay, Xaas, Xaas, and Xaag are not involved
in aniibody or active fragment thereof binding or to a significantty smaller extent as

compared to the — Asp-, the -Lys-Leu, and the — Phe-Phe- binding site.

18. The monoclonai antibody of claim 5, or active fragment thereof, wherein said
antibody or active fragment thereof recognizes and binds o a conformational
discontinuous epitope comprising 4 distinct binding sites on B-amyloid wherein said
4 distinct binding sites comprise one amino acid residue and two consecutive
amino acid residues, respectively, which residues are predominantly involved in the
binding of the antibody or active fragment thereof, wherein said 4 distinct binding
sites are located in ciose proximity to each other on the antigen, separated by at
least one amino acid residue not involved in antibody or active fragment thereof
binding or fo a significantly smaller exten{ as compared fo said one amino acid
residue and said two consecutive amino acid residues of the 4 distinct binding sites
thus forming a conformational discontinuous epitope, wherein the first of the two
consecutive amino acid residues predominantly involved in the binding of the
antibody or active fragment thereof are ~Lys-Leu-, and the second of the at ieast
two consecutive amino acid residues are -Phe-Phe-, the first of the singie amino
residues is -His- and the second of the singie amino residues is -Asp- embedded

within the following core sequence:
- His ~ Xaas — Lys — Leu ~ Xaa, — Phe — Phe — Xaas — Xaag ~ Asp —

wherein
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Xaa, is an amino acid residue selected from the group comprising Ash and
Gin;

Xaay is an amino acid residue selected from the group comprising Ala, Val, Leu,

norieucing, Met, Phe, and lle;

Xaas is an amino acid residue selected from the group comprising Ala, Val, Leu,

Ser and lle; and
Xaag is an amino acid residue selected from the group comprising Glu and Asp,

and wherein said amino acid residues Xaa,, Xaas, Xaas, and Xaag, are not involved
in antibody or active fragment thereof binding or {0 a significantly smalter extent as

compared to the — His-, ~ Asp-, the — Lys-Leu, and the —Phe-Phe- binding site.

The monoclonal antibody according fo any one of claims 12 to 18, or active
fragment thereof, wherein said consecutive amino acid residues, particularly —Lys-
Leu- at position 16 and 17 and —~Phe-Phe — at position 19 and 20, which are
pradominantly involved in the binding of the B-amyloid protein, are embedded into
the following core region of the amyloid 3 peptide:
Val His His Gin Lys leu Val Phe Phe Ala Glu Asp
12 13 14 15 16 17 18 19 20 27 22 23

An antibody or active fragment thereof, wherein said antibody or active fragment

thereof binds to B-amyloid and comprises:

the Heavy Chain Variabie Region (HCVR) of SEQ ID NO: 8 and the Light Chain
Variable Region (LCVR) of SEQ ID NO: 7; or

(i) a Light Chain Variable Region (LCVR) wherein the Light Chain Variabie Region
(LCVR) has an amino acid sequence that is 97%, 98% or 99% identical to the
sequence given in SEQ 1D NO: 7, and

(i) a Heavy Chain Variable Region (HCVR) wherein the Heavy Chain Variable
Region (HCVR) has an amino acid sequence that is 92%, 93%, 94%, 95%, 96%,
97%, 98%, or 99% identical to the sequence given in SEQ 1D NO: §; or

a Light Chain Variable Region (LCVR) and & Heavy Chain Variable Region (HCVR)
that together have an amino acid sequence that is 94%, 85%, 96%, 87%, 98% or
99% identical to the sequence given in SEQ ID NOs: 7 and 8; or
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the complementarity determining regions (CDRs) of the Light Chain Variable
Region (LCVR) of SEQ ID NO: 7 and the CDRs of the Heavy Chain Variabie
Region (HCVR) of SEQ 1D NO: 8; or

the epitope-binding fragments of the Light Chain Variable Region (LCVR) of SEQ
iD NO: 7 and the Heavy Chain Variable Region (HCVR) of SEQ ID NO: 8; or

{i) a Light Chain Variable Region (LCVR) comprising a CDR1 having the amino
acid sequence of SEQ 1D NQ: 23; a CDR2 having the amino acid sequence of SEQ
ID NO: 24, and a CDR3 having the amino acid sequence of SEQ ID NC: 25; and (i}
a Heavy Chain Variable Region (HCVR) comprising a CDR1 having the amino acid
sequence of SEQ ID NO: 26; a CDR2 having the amino acid sequence of SEQ D
NQ: 27, and a CDR3 having the amino acid sequence of SEQ ID NO: 28.

The antibody or active fragment thereof of claim 20, wherein said antibody or active
fragment thereof comprises the Heavy Chain Variable Region (HCVR) of SEQ ID
NO: 8 and the Light Chain Variable Region (LCVR) of SEQ ID NO: 7.

The antibody or active fragment thereof of claim 20, wherein said antibody or active
fragment thereof comprises a Light Chain Variable Region (LCVR} and a Heavy
Chain Variabie Region (HCVR), wherein the LCVR has an amino acid seguence

that is 97%, 98% or 99% identical to the sequence given in SEQ 1D NO: 7, and

wherein the HCVR has an amino acid sequence that is 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 89% identical to the sequence given in SEQ 1D NO: 8.

. The antibody or active fragment thereof of claim 20, wherein said antibody or active

fragment thereof comprises a Light Chain Variable Region (LCVR) and a Heavy
Chain Variable Region (HCVR) that together have an amino acid sequence that is
94%, 95%, 96%, 97%, 98% or 99% identical to the sequence given in SEQ 1D NOs:
7 and 8.

The antibody or active fragment thereof of claim 20, wherein said antibody or active
fragment thereof comprises the CDRs of the Light Chain Variable Region (LCVR)
of SEQ ID NO: 7 and the CDRs of the Heavy Chain Variable Region (HCVR) of
SEQID NG: 8.

The antibody or active fragment thereof of claim 20, wherein said antibody or active

fragment thereof comprises the epitope-binding fragments of the Light Chain
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Variabie Region (LCVR) of SEQ ID NO: 7 and the Heavy Chain Variable Region
(HCVR) of SEQ ID NG: 8.

The antibody or active fragment thereof of claim 20, wherein said antibody or active
fragment thereof comprises (i) a Light Chain Variable Region (LCVR) comprising a
CDR1 having the amino acid sequence of SEQ 1D NO: 23; a CDR2 having the
amino acid sequence of SEQ ID NO: 24, and a CDR3 having the amino acid
sequence of SEQ ID NO: 25; and (ii) a Heavy Chain Variabie Region (HCVR)
comprising & CDR1 having the amino acid sequence of SEQ 1D NO: 26; a CDR2
having the amino acid sequence of SEQ ID NO: 27, and a CDR3 having the amino
acid sequence of SEQ ID NO: 28.

A monacional antibody produced by:

hybridoma cell line FP 12M3-C2, deposited on December 01, 2005 as DSM

ACC2750, or an active fragment thereof or a functional equivalent thereof; or

hybridoma cell line FP 12H3-G2, deposited on December 01, 2005 as DSM

ACC2751, or an active fragment thereof or a functional equivalent thereof.

The monoclonal antibody of claim 27, produced by hybridoma cell line FP 12H3-
C2, deposited on December 01, 2005 as DSM ACC2750, or an active fragment

thareof or a functionaf equivalent thereof.

The monocional antibody of claim 28, produced by hybridoma cell line FP 12H3-
C2, deposited on December 01, 2005 as DSM ACC2750, or an active fragment
thereof.

The monocional antibody of claim 27, produced by hybridoma cell line FP 12H3-
G2, depasited on December 01, 2005 as DSM ACC2751, or an active fragment

thereof or a functional equivalent thereof.

The monoclonal antivody of claim 30, produced by hybridoma cell fine FP 12H3-
G2, deposited on December 01, 2005 as DSM ACC2751, or an active fragment
thereof.

The monoclonal antibody according to any one of claims 5 to 19 or 27 o 31, or
active fragment thereof, which antibody has been raised against a supramolecular
antigenic construct comprising an antigenic peptide corresponding to the amino

acid sequence of B-amyioid peptide AB1—+s modified with polyethytene glycol (PEG)



33.

(N

(2)

(3)

34.

39.

36.

122

or a combination of both a hydrophobic and a hydrophilic moiety, wherein said
PEG, hydrophobic moiety and hydrophilic moiety, respectively, is covalently bound
to each terminus through an amino acid or amino acid analogue capable of serving

as a linker molecula,

An antibody or active fragment thereof, wherein said antibody or active fragment

thereof binds to B-amyloid and comprises:

the Light Chain Variable Region (LCVR) complementarity determining regions
(CDRs) and the Heavy Chain Variable Region (CDRs) of the antibody produced by
hybridoma ceil line FP 12H3-C2, deposited on December 1, 2005 as DSM
ACC2750; or

a Light Chain Variable Region (LCVR) and a Heavy Chain Variable Region (HCVR)
having the seguences of the LCVR and HCVR, respeciively, of the antibody
produced by hybridoma cell line FP 12H3-C2, deposited on December 1, 2005 as
DSM ACC2750; or

the epitope-binding fragments of the Light Chain Variable Region (LCVR) and the
Heavy Chain Variable Region (HCVR) of the antibody produced by hybridoma cell

ling FP 12H3-C2, deposited on December 1, 2005 as DSM ACC2730.

The antibody or active fragment thereof of claim 33, wherein said antibody or active
fragment thereof comprises the Light Chain Variable Region (LCVR) CDRs and the
Heavy Chain Variable Region CDRs of the antibody produced by hybridoma cell
line FP 12H3-C2, deposited on December 1, 2005 as DSM ACC2750.

The antibody or active fragment thereof of claim 33, wherein said antibody or active
fragment thereof comprises a Light Chain Variable Region (LCVR) and a Heavy
Chain Variable Region (HCVR)} having the seguences of the LCVR and HCVR,
respectively, of the aniibody produced by hybridoma cell line FP 12H3-CZ,
deposited on December 1, 2005 as DSM ACC2750.

The antibody or active fragment thereof of claim 33, wherein said antibody or active
fragment thereof comprises the epitope-binding fragments of the Light Chain
Variable Region (LCVR) and the Heavy Chain Variable Region {(HCVR) of the

antibody produced by hybridoma cell line FP 12H3-C2, deposited on December 1,
2005 as DSM ACC2750.
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The antibody of any one of claims 20 to 26 or 33 to 36, wherein the antibody is

isolated or engineered.

The antibody or active fragment thereof according {0 any one of claims 1 to 4, 20 {o

26 or 33 {o 36, wherein the antibody is a monoclonal antibody.

The antibody or active fragment thereof according to any one of claims 1 to 19, 24
to 26, 34 or 38, wherein the antibody is a human or humanized antibody, or aclive

fragment thereof.

The antibody or active fragment thereof according to any one of claims 1 to 36,

wherein the antibody is a chimeric antibody, or active fragment thereof.

A poiynucieotide comprising a nucieotide sequence encoding an antibody or active

fragment thereof according to any claims 1 to 40.

A polynucleotide according to claim 41, wherein the nucleotide sequence

comprises:

a) the light chain variable region nucieotide sequence of SEQ 1D NO: §;
b) a nucieotide sequence that differs from the nucleotide sequence of (a) in
codon sequence due to the degeneracy of the genetic code; or

c) a nucleotide sequence with the complementary sequence to (a} or (b).

A polynuclectide according to claim 41, wherein the nucleotide sequence

comprises:

a) the light chain nucleotide sequence of SEQ ID NO:10;
b) a nucleotide sequence that differs from the nucieotide sequence of (a) in
codon sequence due o the degeneracy of the genetic code; or

c) anucieotide sequence with the compiementary sequence 1o (a) or (b).

A polynucleotide according to claim 41, wherein the nucleotide sequence

comprises:

a) the heavy chain variable region nuclectide seqguence of SEQ 1D NO: 11;
b) a nucleotide sequence that differs from the nucleotide sequence of (a) in
codon sequence due to the degeneracy of the genetic code; or

c) a nucleotide seguence with the complementary sequence to {a) or (b}.

A polynucleotide according to claim 41, wherein the nucleotide sequence

comprises:



48.

47.

48.

49,

50.

51.

52.

53.

54,

124

a) the heavy chain nucleotide sequence of SEQ 1D NO: 12;
b) a nucleotide seguence that differs from the nucleotide sequence of (a) in
codon sequence due 1o the degeneracy of the genetic code; or

c) a nucleotide seguence with the complementary sequence to {a) or (b).

A composition comprising the antibody or active fragment thereof according to any

one of claims 1 to 40 in a therapeutically effective amount.

A composition according fo claim 46 which is a pharmaceutical composition

optionally further comprising a pharmaceutically acceptable carrier.
The composition of claim 46 or 47, for use in the treatment of Alzheimer's disease.

A mixture comprising the antibody or active fragment thereof according fo any one
of claims 1 {0 40 in a therapeutically effective amount and a further biologically
active substance andfor a pharmaceutically acceptable carrier and/or a diiuent

and/or an excipient.

The mixture according to claim 49, wherein the biologically active substance
comprises at least one compound selected from the group consisting of metal
chelators, pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS}), 1,3-
propanedisulfonate {1,3PDS), {au proteins, neurotransmitier, or cholinesterase
inhibitors (ChEls), and nutritive suppiements, together with an antibody according
to any one of claims 1 to 37 and, optionally, a pharmaceutically acceptable carrier

and/or a diluent and/or an excipient.

The mixture according to claim 50, wherein the compound is a cholinesierase
inhibitor {ChEls).

The mixture according to claim 50, wherein the compound is selected from the
group consisting of tacrine, rivastigmine, doneperzil, galantamine, niacin and

memantine.

The mixture according to any one of claims 49 to 52 comprising the antibody or
active fragment thereof and the biologically active substance in a therapeuticaliy
effective amount.

A compasition according to anyone of claims 46 to 48 for use in decreasing the

fotal amount of soluble AB in the brain of a mammal suffering from amyioidosis.
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A hybridoma cell line that produces an antibody according io any one of claims 1 to

40, or an active fragment thereof,

Hybridoma cell line FP 12H3-C2, deposited on December 01, 2005 as DSM
ACC2750.

Hybridoma cell line FP 12H3-G2, deposited on December 01, 2005 as DSM
ACC2751.

A method for monitoring minimal residual disease in a patient foliowing treatment
with an antibody or active fragment thereof according o any one of claims 1 1o 40
or a composition according to any one of claims 46 to 48, wherein said method

camprises:

(a)  bringing a patient sample suspected to contain amyloid antigen into
contact with an antibody or active fragment thereof according to any one
of claims 1 1o 40;
{by allowing the antibody or active fragment thereof to bind to the amyioid
antigen to form an immunological complex;
(c) detecting the formation of the immunological complex;
{d) correlating the presence or absence of the immunclogical complex with
the presence or absence of amyloid antigen in the sample; and
(e) comparing the amount of said immunological complex o a normal conirol
value,
wherein an increase in the amount of said immunociogical complex compared io a
normal contro! value indicates that said patient still suffers from a minimal residual

disease.

A method for predicting responsiveness of a patient being treated with an antibody
or active fragment thereof according tc any one of claims 1 to 40 or a composition

according to any one of claims 486 to 48 comprising:

(a)  bringing a patient sample suspected to contain amvyloid antigen inio
contact with an antibody or active fragment thereof according to any one
of claims 1 to 40;

(b) allowing the antibody or active fragment thereof {o bind io the amyloid
antigen to form an immunological complex;

(c) detecting the formation of the immunologicat complex;
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(d) correlating the presence or absence of the immunoliogical complex with
the presence or absence of amyloid antigen in the sample; and
(e} comparing the amount of said immunological complex before and after

onset of the treatment,
wherein a decrease in the amount of said immunological compiex indicates that

said patient has a high potential of being responsive to the treatment.

60. Use of the antibody or active fragment thereof according to any one of claims 1 to
40 in the preparation of a medicament for decreasing the total amount of soluble AR

in the brain of an animal suffering from amyloidosis.

61. A cell line that produces an antibody or aciive fragment thereof according to any

one of claims 1 o 40.
62. A cell line comprising the polynuclectide of any one of claims 41 to 45.

83. A method of producing an antibody or an active fragment thereof, comprising the

step of culturing the cell line of any one of claims 55 to 57, 61 or 62.

84. A method of producing antibody or an active fragment thereof, comprising the step

of expressing the polynucleotide of any one of claims 41 to 45.
85. The composition according to claim 54, wherein the mammai is a human.

66. The use according to claim 60, wherein the animal is a human.



127

Monoclonal Antibody

Abstract

The present invention is related to methods and compositions for the therapeutic and diagnostic
use in the treatment of diseases and disorders which are caused by or associated with amyloid or
amyloid-tike proteins including amyloidosis, a group of disorders and abnormalities associated
with amyloid protein such as Alzheimer's disease. The present invention provides novel methods
and compositions comprising highly specific and highly effective antibodies having the ability to
specifically recognize and bind to specific epitopes from a range of B-amyloid proteins. The
antibodies enabled by the teaching of the present invention are particularly useful for the
reatment of diseases and disorders which are caused by or associated with amyloid or amyloid-
like proteins including amyloidosis, a group of diseases and disorders associated with amyloid
plaque formaiion including secondary amyloidosis and age-related amyloidosis including, but

not limited to, neurological disorders such as Alzheimer's Disease (AD).

(Fig. 4



