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BACKGROUND OF THE INVENTION

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-like proteins including amyloidosis, a group of disorders and
abnormalities associated with amyloid protein such as Alzheimer’s disease.

Amyloidosis is not a single disease entity but rather a diverse group of progressive
disease processes characterized by extracellular tissue deposits of a waxy, starch-iike protein
called amyloid, which accumulates in one or more organs or body systems. As the amyloid
deposits build up, they begin to interfere with the normal function of the organ or body
system. There are at least 15 different types of amyloidosis. The major forms are primary
amyloidosis without known aptecedent, secondary amvyloidosis following some other
condition, and hereditary amyloidosis.

Secondary amyloidosis occurs in people who have a chronic infection or inflammatory
disease, such as tuberculosis, a bacterial infection called familial Mediterranean fever, bone
infections (osteomyelitis), rheumatoid arthritis, inflammation of the small intestine
(granulomatous ileitis), Hodgkin's disease, and leprosy.

Amyloid protein fibrils, which account for about 90% of the amyloid matenal,
comprise one of several different types of proteins. Certain of these proteins are capable of
folding into so-called "beta-pleated” sheet fibrils, a unique protein configuration which
exhibits binding sites for Congo red resulting in the unique staining properties of the amyloid
protein. In addition, amyloid deposits 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 darbohydrates of connective tissue.

Many diseases of aging are based on or associated with amyloid-like proteins and are
characterized, in part, by the buildup of extracellular deposits of amyloid or amyloid-like
material that contribute to the pathogenesis, as well as the progression of the disease. These
diseases include, but are not Iimited to, neurological disorders such as Alzheimer’s Disease

(AD), including diseases or conditions characterized by a loss of cognitive memory capacity
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such as, for example, mild cognitive impairment (MCI), Lewy body dementia, Down’s
syndrome, hereditary cerebral hemorrhage with amyloidosis (Dutch type);and the Guam
Parkinson-Dementia complex. Other diseases which are based on or associated with amyloid-
like proteins are progressive supranuclear palsy, multiple sclerosis; Creutzield Jacob disease,
Parkinson's disease, HIV-related dementia, ALS {amyotropic lateral scierosis}, 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 be
attributable to the local activation of pro-inflammatory pathways thereby associated with the
concurrent deposition of activated complement components, acute phase reactants, immune
modulators, and other inflammatory mediators (McGeer et al., 1994},

Alzheimer’s Disease (AD) is a neurological disorder primarily thought to be caused by
amyloid plaques, an accumulation of abnormal deposit of proteins in the brain. The most
frequent type of amyloid found in the brain of affected individuals is composed primarily of
Af fibrils.  Scientific evidence demonstrates ‘that am increase in the production and
accumulation of beta-amyloid protein in plaques leads to nerve cell death, which contributes
to the development and progression of AD. Loss of nerve cells in strategic brain areas, in turn,
causes reduction in the neurotransmitters and impairment of memory. The proteins
principally responsible for the plague build up include amyloid precursor protein (APP) and
two preseniling (presenilin I and presenilin II). Sequential cleavage of the amyloid precursor
protein (APP), which is consiitutively expressed and catabolized in most cells, by the
enzymes 8 and vy secretase leads 1o the release of a 39 to 43 amino acid Af peptide. The
degradation of APPs likely increases their propensity to aggregate in plaques. The AB(1-42)
fragment in particular has a high propensity of building aggregates due io two very
hy&ophobic amino acid residues at its C-terminus. The AB(1-42) fragment is therefore
believed to be mainly involved and responsible for the initiation of neuritic plaque formation
in AD and to have, therefore, a high pathological potential. There is therefore a need for
specific antibodies that can target and diffuse amyloid plaque formation.

The symptoms of AD manifest slowly and the first symptom may only be mild
forgetfulness. In this stage, individuais may forget recent events, activities, the names of
familiar people or things and may not be able to solve simple math problems. As the disease
progresses, symptoms are more easily noticed and become serious enough to cause people

with AD or their family members to seek medical help. Mid-stage symptoms of AD include
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forgetting how to do simple tasks such as grooming, and problems develop with speaking,
understanding, reading, or writing. Later stage AD patients may become anxious or
aggressive, may wander away from home and ultimately need total care.

Presently, the only definite way to diagnose AD is to identify plaques and tangles in
brain tissue in an autopsy after death of the individual. Therefore, doctors can only make a
diagnosis of "possible" or "probable" AD while the person is still alive. Using current
methods, physicians can diagnose AD correctly up to 90 percent 6f the time using several
tools to diagnose "probable" AD. Physicians ask questions 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 degeneration and medical tests such as tests of blood, urine,
or spinal fluid, and brain scans can provide some further information.

The management of AD consists of medication-based and non-medication based
treatments. Treatments 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
(neurotransmifters), in particular the cholinesterase inhibitors (ChEIs) such as tacrine and
rivastigmine, have been shown to improve symptoms. ChEls impede the enzymatic
degradation of neuwrotransmitters thereby increasing the amount of chemical messengers
available to transmit the nerve signals in the brain.

For some people in the early and middle stages of the disease, the drugs tacrine
(COGNEX®, Morris Plains, 'NJ), donepezil (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, memantine
(NAMENDA®, New York, NY), has been approved for treatment of moderate to severe AD.
Medications are also available to address the psychiatric manifestations of AD. Also, some
medicines may help control behavioral symptoms of AD such as sleeplessness, agitation,
wandering, anxiety, and depression. Treating these symptoms often makes patients more
comfortable and makes their care easter for caregivers. Unfortunately, despite significant
treatment advances showing that this class of agents is consistently better than a placebo, the
disease continues to 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 effects that include gastrointestinal dysfunction, liver toxicity and weight loss.



WO 2008/156621 PCT/US2008/0G7317

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

Mild cognitive impairment (MCI) is a general term most commonly defined as a
subtle but measurable memory disorder. A person with MCI experiences memory problems
greater than normally expected with aging, but does not show other symptoms of dementia,
such as impaired judgment or reasoning. MCI is a condition that frequently reflects a
preclinical stage of AD.

- The deposition of S-amyloid within the entorhinal cortex (EC) is believed to play a
key role in the development of mild cognitive impairment (MCI) in the elderly. This is in line
with the observation that the CSF-A AB3(1-42) levels decline significantly once AD becomes
- clinically overt. In contrast to CSF- AB({1-42) CSF-tau levels are significantly increased in the
MCI stage, and these values continue to be elevated thereafter, indicating that increased levels
of CSF-tau may help in detecting MCI subjects who are predicted to develop AD.

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 (thimking)
impairment and abnormal behavioural changes. Symptoms can include cognitive impatrment,
neurological signs, sleep disorder, and autonomic failure. Cogmitive impairment 1s the
presenting Ifeature of LBD in most cases. Patients 'ha.ve: recurrent episodes of confusion that
progressively worsen, The fluctuation in cognitive ability is often associated with shifting
degrees of attention and alertness. Cognitive impairment and fluctuations of thinking may
vary over minutes, hours, or days.

Lewy bodies are formed from phosphorylated and nonphosphorylated neurofilament
proteins; they contain the synaptic protein alpha-synuciein as well as ubiguitin, which is
involved in the elimination of damaged or abnormal proteins. In addition to Lewy Bodies,
Lewy neurites, which are inclusion bodies in the cell processes of the nerve cells, may also be
present. Amyloid plagues may form in the brains of patients afflicted with LBD, however
they tend to be fewer in number than seen in patients with Alzheimer's disease.
Neurofibrillary tangles, the other micropathological hallmark of AD, are not a main
characteristic of LBD but are frequently present in addition to amyloid plaques.

Amyotrophic lateral sclerosis (ALS) is characterized by degeneration of upper and
lower 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
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have ubiquitin-positive, tau-negative inclusions in neurons of the dentate gyrus and superficial
layers of the frontal and temporal lobes.

Inclusion-body myositis (IBM) is a crippling disease usually found in people over age
50, in which muscle fibers develop inflammation and begin to atrophy—but in which the
brain is spared and patients retain their full intellect. Two enzymes mvolved in the production
of amyloid-B protein were found to be increased inside the muscle cells of pafients with this
most common, progressive muscle disease of older people, in which amyloid-f is also
increased.

Another disease that is based on or associated with the accumulation and deposit of
amyloid-like protein is macular degeneration.

Macular degeneration is a common eye disease that causes deterioration of the macula,
which is the central area of the retina (the paper-thin tissue at the back of the eye where Light-
sensitive cells send visual signals to the brain). Sharp, clear, 'straight ahead' vision is
processed by the macula. Damage to the macula results in the development of blind spots and
blurred or distorted vision. Age-related macular degeneration (AMD) is a 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 advanced AMD, and another 7.3 million people with intermediate AMD arc 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 out how little is known about the causes and treatment of this blinding condition.

There are two forms of macular degeneration: dry macular degeneration and wet
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 retina, are common early signs of
dry AMD. The risk of developing advanced dry AMD or wet AMD increases as the number
or size of the drusen increases. 1t is possible for dry AMD to advance and cause loss of vision
without turning into the wet form of the disease; however, it 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, results in 90
percent of the blindness, and is considered advanced AMD (there is no early or intermediate
stage of wet 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.
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These vessels are very fragile and will leak fluid and blood (hence 'wet' macular
degeneration), causing rapid damage to the macula.

The dry form of AMD will initially often cause slightly blurred vision. The center of
vision in particular may then become blurred and this region grows larger as the disease
progresses. No symptoms may be noticed if only one eye is affected. In wet AMD, straight
lines may appear wavy and cenfral vision loss can occur rapidly.

Diagnosis of macular degeneration typically involves a dilated eye exam, visual acuity
test, and a viewing of the back of the eye using a procedure called fundoscopy to help
diagnose AMD, and, if wet AMD is suspected—fluorescein angiography may also be
performed. If dry AMD reaches the advanced stages, there 1s no current treatment to prevent
vision loss. However, a specific high dose formula of antioxidants and zinc may delay or
prevent intermediate AMD from progressing to the advanced stage. Macugen® (pegaptanib
sodium injection), laser photocoagulation and photodynamic therapy can control the abnormal
blood vessel growth and bleeding in the macula, which is helpful for some people who have
wet AMD; bowever, vision that is already lost will not be restored by these techmiques. If
vision is already lost, low vision aids exist that can help improve the guality of life.

One of the earliest signs of age-related macular degeneration (AMD) is the
accumulation of drusen between the basal lamina of the retinal pigmented epithelium (RPE)
and Bruch’s membrane (BM). Recent studies conducted by Anderson et al. have confirmed
that drusen contains amyloid beta. (Experimental Eye Research 78 (2004) 243-256).

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

An important factor to consider when developing new drugs is the ease of use for the
target patients. Oral drug delivery, specifically tablets, capsules and sofigels, account for 70%
of all dosage forms consumed because of patient convenience. Drug developers agree that
patients prefer oral delivery rather than subjecting themselves to injections or other, more
invasive forms of medicinal administration. Formulations resulting in low dosing intervals
(i.e. once a day or sustained release) are also preferable. The ease of administering antibiotics

in oral dosage forms results in an increase of patient comphance during treatment.
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What is needed are effective methods and compositions for the generation of highly
specific and highly effective antibodies, which is a prerequisite if the antibodies are to be
provided in an oral dosage form. Preferably such antibodies would recognize specific
epitopes on various antigens such as amyloid protein.

What is also needed therefore, are effective compositions and methods for addressing
the complications associated with diseases and disorders in subjects in need thereof which are
caused by or associated 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 including, but not limited to, neurological disorders
such as Aizheixﬁer’s Disease (AD), including diseases or conditions characterized by a loss of
cognitive memory capacity such as, for example, mild cognitive impatrment (MCI}, 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. In
particular what is need are specialized and highly effective antibodies capable of
counteracting the physiological manifestations of the disease such as the formation of plaques
associated with aggregation of fibers of the amyloid or amyloid-like peptide.

Anti-amyloid antibodies elicited by the inoculation of AB;4; mixed with Freund
complete or incomplete adjuvant had proved capable to reduce the amyloid burden m
transgenic mice for human Alzheimer disease (Schenk et al., 1999).

Intraperitonal inoculation of tetrapalmitoylated Af}j.;¢ reconstituted in liposomes to
NORBA transgenic mice elicited significant titers of anti-amyloid antibodies, which also
proved capabie to solubilize amyloid fibers and plagues in vitro and in vivo. (Nicolau et al.,
2002).

A possible mechanism by which the dissolution of amyloid plaques and fibres
occurred was first suggested by Bard et al., (2000), who advanced the conclusion, based upon
their data, that the antibodies opsonized the plaques, which were subsequently destroyed by
the macrophages of the microglia. De Mattos et al., (2001) indicated that a MAb directed
against the central domain of B-amyloid was able to bind and completely sequester plasma

amyloid. They argued that the presence of these mAbs in circulation shifted the equilibrium of



AB between brain and plasma, favoring the peripheral clearing and catabolism instead of
deposition Wzthm the brain.

The present invention provides novel methods and compositions comprising highly
specific and highly effectiv;: antibodies having the ability to specifically recognize and bind 1o
specific f~amyloid proteéns.. The antibodies enabied by the itcaching of the present invention
are particularly useful for the treatment of diseases and disorders in subjects in need thcréof
which are caused by or associated with amyloid or amyloid-like proteins including
amyloidosis, 2 group of diseases and disorders associated with amyloid plaque formation
'mciuding secondary amyloidosis and age-related amyloidosis including, but not iir&it;ad to,
néurological disorders such as Alzheimer’s Disease (AD), incloding diseases or con:iitions
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 (Dﬁtch tjzpej; the Guam Parkinson-Dementia complex; as well as other
 diseases which are bassd on or associated with amyloid-like proteins such as progressive
supranuclear palsy, multiple sclerosis; Creutzfeld Jacob disease, bereditary cerebral
hemorrhage with amyloidosis Dutch type, Parkinson's disease, HIV-related dementia, ALS
(amyotropic lateral sclerosis), inclusion-body myosits (IBM), Adult Onset Diabetes; seniie
cardiac amyloidosis; endocrine tumors, and others, including macular degeneration, to name
Jjust Va 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 a subject, particularly a mammal,
more particularly a human in need of such a treatment, a therapeutically effective amount of a

monocional antibody according to the invention.

SUMMARY
The present invention makes use of antigen presentanons that result in enhanced
exposure and stabilization of a preferred antigen conformation, which ultimately results in

antibodies with unique properties.



In 2 first aspect, there is provided an antibody or an epitope-binding fragment thereof

capable of specifically binding beta amyloid, wherein the aﬁtibody or the epitope-binding

fragment comprises:

a.

a light chain variable domain compnising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the sequence set forth in SEQ ID NO: 7 or an epltopc-bmdmg ﬁ'agmcnt
thereof comprising the three light chain CDRs comprising the polypeptide sequences of
SEQ ID NOs: 9-11; and

a heavy chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%,: 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the sequence set forth in SEQ ID NO: 8 or an epitope-binding fragment thereof
comprising the three heavy chain CDRs com;ﬁrising the polypeptide sequences of SEQ ID
NQOs: 12-14; or _ ' ,

the amino acid sequences of SEQ ID NOs: 7-8, wherein the antibody has been altered by
introducing one, or two, or 3 conservative substifutions into the sequences of SEQ ID
NOs: 7-8, wherein the antibody essentially maintains its full functionality, 4and wherein the
armino acid in position 52 of SEQ ID NO: 81s '-‘,elccted from any amino acid, from the

* group consisting of cysteme tyrosine, and serine, and from cysteine alone or

a light chain variable domam compnsmg an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to a sequeﬁce selected from SEQ ID NO: 17 and SEQ ID NO: 19 or an cpitope-w '
binding fragment thereof comprising the three light chain CDRs comprising the
polypeptide sequences of SEQ ID NOs: 21-23 and comprising the three heavy chain CDRs
comprising ﬂae polypeptide sequences of SEQ ID NOs: 24-26; and

a heavy chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%., 94%, 95%, 96%, 97%, 98% or 99%
identical to & sequence selected from SEQ ID NO: 18 and SEQ ID NO: 20 or an epitope-
binding fragment thereof comprising the three heavy cham CDRs comprising the
polypepﬁde sequences of SEQ ID NOs: 24—26 or
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d. the amino acid sequences of SEQ ID NOs: 17-18, wherein the antibody has been altered
by introducing one, or two, or three conservative substitutions into the sequences of SEQ
ID NOs: 17-18, wherein the antibody essentially maintains its foll functionality; or

e. the amino acid sequences of SEQ ID NOs: 19-20, wherein the antibody has been aliered
by introducing one, or two, or three conservative substitutions into the sequences of SEQ

ID NOs: 19-20, wherein the antibody essentially maintains its full functionality.

In a second aspect, there is provided an amtibody or an epitope-binding fragment thereof
capable of specifically binding beta amyloid, wherein
a.  the CDR regions of the antibody or the epitope-binding fragment thereof are!

i. the CDR1 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:9;

1i. the CDR2 of the light chain variable region of the antibody.
comprising the amino acid sequence of SEQ ID NO:10;

iii. ~  the CDR3 of the light chain variable region of the antibody -
comprising the amino acid sequence of SEQ ID NO:11;

v, the CDR1 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:12;

V. the CDR2 of the heavy chain varjable region of the antibody
comprising the amino acid sequence of SEQ ID NQ:13; and

vi.  the CDR3 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ.ID NO:14; or ‘

b.  the CDR regions of the antibody or the epitope-binding fragment thereof are:

1. the CDR 1 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:21;

ii. the CDR2 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:22;

1, the CDR3 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:23;

iv. the CDRI of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:24;
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\ the CDR2 of the heavy chain variabie region of the antibody
comprising the amino acid sequence of SEQ ID NO:25; and

vi. ~ the CDR3 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:26.

In one example, an antibody is provided including any
functionally equivalent antibody or functional parts thereof, or, more particularly, a
monoclonal antibody including any functionally equivalent antibody or functional parts
thereof, which has been raised against a supramoiécular antigenic construct comprising an

antigenic peptide corresponding to the amino acid sequence of the S-amyloid peptide,
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particularly of a selected fragment of the B-amyloid peptide, modified with a hydrophilic
moiety such as, for example, polyethylene glycol (PEG), or, in the alternative, with 2
hydrophobic moiety, such as, for example, a palmitic acid, wherein said hydrophilic or
hydrophobic moiety is covalently bound to. each of the termini of the antigenic peptide
through at least one, partiﬁ:ularly one or two amino acids su.ch as, for example, lysine,
glutamic acid and cysteine or any other suitable amino acid or amino acid analogue capable of
serving as a cénnecting device for coupling the hydrophilic or hydrophobic moisty to the
peptide fagment. '

When a hydrophilic moiety such as PEG is used, the selected fragment of the B-
amyloid pepﬁde may be a fragment corresponding to the amino acid sequence AR 9nas a;ld AB
040, Tespectively, and the free PEG termini may be covalently .bound fo
phosphatidylethanolamine or apy other compound suitabie to fanction as the anchoring
element, for example, fo embed the antigenic construct in the bilayer of a lipesome:

When 2 hydrophobic moiety such &s & paimitic acid is used, the selected fragment of
the B-amyloid peptide may be a fragment corresponding to the amino acid sequence AB 14 5'
and this hydrophobic moiety may difectly serve as the anchoring element, for example, to
embed the antigenic construct in the bilayer of a liposome.

In one example, an antibody is provided, particularly a
monoclonal antibody including amy functionally equivalent antibody or functional parts
thereof, which antibody recogmzes and binds to a conformational epitope and binds to
polymeric soluble amyloid and to amyloid fibrils or fibers, respectively, particularly fo
polymeric soluble amyloid A8 peptides and amyloid Af fibrils or fibers, 'fespscﬁvely‘

In one example, an antibody is provided, particularly a
monocional antibody including any functionally equivalent antibody or functional parts
thereof, which antibody recognizes and binds to a conformational epitope preferentially
displayed on polymeric soluble amyloid and oligomeric amyioid peptides, respectively,
particularly on polymeric soluble amyloid Af peptides and oligomeric amyloid AJ peptides
comprising a plurality of monomeric AB 1-42 peptdes, respectively. '

In one example, an antibody is provided, particularly a
monoclonal antibody including any functionally eguivalent antibody or functional parts
thereof, which antibody recognizes and binds to a conformational epitope preferentially
dispiayed on polymeric soluble amyloid and oligomeric amyloid peptides, respecﬁ{veiy, but
also on amyloid fibrils or fibers, particularly on polymeric soluble amyloid Af peptides and



oligomeric amyloid Af peptides coinprising 2 plurality of monomeric A8 1-42 peptides, and
on amyloid ﬁbn’ls or fiers incorporating a plurality of said oligomeric psptdes, respectively.
* The inheritance of the g4 allele of the apolipoproteinE (apoE4) protein is a strong
genetic risk factor for AD. This protein is able to bind to amyloid and is known to be involved
in both the clearance of AB across the blood-brain-barrier was well as the promotion of Af
deposition. In reverse, the bihding of amyloid méps in the hyvdrophobic lipoprotein binding
region of Apr and this association Idramatically diminish the overall lipid bin'ding ability of
 ApoE.
| Accordingly, it is a further example to provide an antibody, i
particularly a monoclonal antibody, including apy functionally equivalent antibddy or
functional parts thereof as described herein, which antibody is capable of inhibiting' or
otherwise lessening the interaction of amyloid with ApoE4 in the brain of a subject,
| particularly a ma:mnél, but especially a human, particularly in the brain of a subject,
particularly a mammal, but especially a human suffering from a disease or condition
associated with increased concentration of AS in the brain. The antibody according to the
present disclosure, particularly a2 monoclonal antibody including any functionally equivalent
antibody or functional paﬁs thereof, thus preferentially binds to polymeric sojuble amyloid
and oligomeric armnyloid peptides, respectively, particularly to soluble polymeric Af peptides
and oligomeric AfS peptides comprising a plurality of A8 1-42 monomeﬁc peptides,
respectively. In one example t’he disclosure relates {0 an antibodsf as described herein,
particularly a monocional antibody including ‘any functionally equivalent antibody or
functional parts thereof, which antibody binds to A mbnomen’c peptides having at Jeast 30,
particularly at iéast 35, more particularly at least 38, even more particularly at least 40 amino
acid residues but shows essentially no binding to AS monomeric peptides having fewer than
30 residues, particularly peptides having less than 20 residues, more particularly pepticies
having less than 10 residues, but especially peptides having 8 and less residues. '
In one specific example, the disclosure relates to an antibody as described hr;rein,
particularly a monoclonal antibody including any functionally eguivalent antibody or
functional parts .thchOf, which antibody binds to A monomeric peptides baving at least 30,
particularly at least 35, more particularly at least 38, even more particularly at ieﬁst 40 amino
acid residues particularly to AB monomeric peptide 1-40 and fo soluble polymeric and/or
oiigoniexic amyloid peptide comprising a phurality of AS1-42 monomeric ﬁepti_des but shows
essentially no binding to AS monomeric pephides 17-40.
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In another specific example, an antibody is provided as described
hereir, patﬁcnlariy a monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, which antibody binds to A8 monomeric peptide 1-40, parﬁcuﬁarly to
A monomeric peptide 1-40 and to soluble ?olmeric and/or oligomeric amyloid peptide
comprising a plurality of AS1-42 monomeric péptides, but shows essentially no binding to AS
monomeric peptide 17-40.

In another specific example, an antibody is provided as descnbed

herein, particularly 2 monoclonal antibody including any functmnaliy equivalent antibody or
functional parts thereof, which antibody binds to AS monomeric peptide 1-40 pamcularly to
AfB monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid ;eptide
comprising a plurality of AS1-42 monomeric peptides but shows a substantially weaker
binding to AS monomeric peptide 1-28.

In another specific example, an antibody is provided as described
herein, particularly 2 monoclonal antibody incinding any functionally equivalent antibody or
functional parts thereof, which antibody binds to Af monomeric peptide 1-40, particularly to
A8 monomenc peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AB1-42 monomeric peptides, but shows an intermediated binding to
AB monomeric peptide 1-42.

Tn another specific example, an antibody is provided as described
hersin, particularly a monoclonal antlbody including any functionally equivalent antibody or
functional parts thereof, which antibody binds to A monomeric peptide 1-40, parficularly to
AfB monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising 2 plurality of AS1-42 mopomeric peptides, but shows a substantially weaker
bmdmg to A,B monomeric peptide 1-28 and an intermediated binding t0 monomeric pephde 1-
42,

| In another specific example, an antibody is provided as described

berein, particularly 2 monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, which antibody binds to AS mopomeric peptide 1-40 particularly to
Af monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AS1-42 monomeric peptides but shows a substantially weaksr
binding to AB monomeric peptide 1-28 and essentially no binding to AS monomeric peptide
17-40.

In another sﬁ:eciﬁc example, an antibody is provided as described

herein, particularly a monoclonal antibody including any functionally equivalent antibody or
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functional parts thereof, which antibody binds to Af£ monomeric pepﬁde 1-40 particularly to
AfB monomeric peptide 1-40 and to soluble ﬁoiﬁneric and/or oligomeric amyloid peptide
* comprising a phirality of AS1-42 monomeric peptides but shows an intermediated binding to
AB mononieric peptide 1-42 and essentially no binding to A monomeric peptnde 17-40.
In another specific example, an antibody is provided as described
herein, particularly 2 monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, which antibody binds to AS monomeric peptide 1-40 particularly 0
Aﬁ monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AS1-42 monomenc peptides but shows a mbstantiallj,; }gveaker
binding to AS monomeric peptide 1-28 and an intermediated binding to monomeric peptide
1-42 and essentially no binding to A monomernic peptide 17-40.

In one example the antibody according to the disclosure and as described herein,
upor co-incubation with an AfS monomeric peptide in a monomeric and/or an oligomeric form |
having at least 30, particularly at least 35, more particularly at least 38, sven more particularly
at least 40 amino acid residues in 2 monomeric and/or oligomeric form, but especially with an
AB).4; monomeric peptide and/or a oligoomeric peptide comprising 2 plurality of said AB1-42

- monomeric peptides, particularly at 2 molar concentration ratio of antibody to AB1-42 of up
to 1:1000, but especially ata inolar conceniraion ratio of between 1:10 and 1:100, inhibits the
aggregation of the A monomers and/or oligomers to high molecuiar polymeric fibrils.

In particular, the co-incubation of the antibody according to the disclosure with
amyloid monomeric and/or oligomeric peptides is carried out for 24 hours to 60 hours,
particularly for 30 hours to 50 hours, more particularly for 48 hours at a temperature of
between 28°C and 40°C, particularly of .betwéf:n 32°C and 38°C, more particularly at 37°C.

' In a specific example, co-incubation with amyloid monomeric
and/or oligomeric peptides is accomplished for 48 bours at a temperature of 37°C.

In particular, the antibody, particularly a monoclonal antibody according to the
disclosure including any functionally equivalent antibody or functional parts thereof binds
prefercntiaﬁy to AfB;.4; monomeric peptide and, upon co-incubation with AB;.;O monomeric
and/or 6ligomeric peptide inhibits the aggregation of the AS monomers to high molecular
polymeric fibrils.

In one example, an antibody is provided, particularly a monoclonal antibody according to the
disclosure including any functionally equivalent antibody or functional parts
thereof, which antibody binds preferentially to AS;.4 monomeric peptide particularly to AB

monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
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comprising a plurality of AB1-42 monomeric peptides, but shows 2 substantially weaker
binding to A monomeric peptide 1-28 and an intermediated binding to monomeric pephide 1-
42 and esscntialiy no binding to AS monomeric peptide 17-40 and, upon co-incubation with
AB)4» monomeric and/or oligomeric peptide inhibits the aggregation of the AS monomers to
high molecular polymenc fibrils.
In one example, an antibody is provided, particularly a monoclonal antibody according to the
disclosﬁre iﬁc}uding any functionally equivalent antibody or functional parts
thereof, which antibody binds preferentially to Af;.4o monomeric peptide and also to Af4,
oligomeric and/or polymeric peptides, but shows a substantially weaker binding to AB
monomeric peptide 1-28 and/or an intermediated binding to monomeric peptide 1-42 z:ndfor
essentially no binding to AS monomeric peptide 17-40 and, upon co-incubation with Afi42
monomeric and/or oligomeric peptide inhibits the ageregation of the A monomers and/or
oligomers to high molecular polymeric fibrils.
In oﬁe example, the antibody, particularly a monoclonal antibody according to the disclosure
including any functionally equivalent antibody or functional parts thereof inhibits
the aggregation of the Af monomers to high moiecular polymeric fibrils by at least 40%, by
at least 50%, particularly by at least 60%, particularly by at least 65%, more particularly by at
least 75%, even more particularly by at least 80%, but especially by at least 85%-90%, or
more as compared 10 the respective amyloid peptide monomers incubated in buffer (control).
In one example, an antibody is provided, particularly 2 ﬁxonoclonai antibody according to the
disclosure including any functionally equivalent antibody or functional parts
thereof, which antibody binds preferentially 0 ABMO moziofnsric peptide and also to Afy .4,
oligomeric and/or polymeric peptides, but shows a substantially weaker binding to AfS
monomeric peptide 1-28 and/or an intermediated binding to monomeric peptide 1-42 and/or
essentially no binding to Af monomeric peptide 17-40 and, upon co-incubation with A1
monomerc and/or oligomeric peptide for 24 hours at a temperature of 37°C inhibits the
aggregation of the AR monomers and/or oligomers to high molecular polymeric fibrils by at
ieast 10%, by at least 20%, by at least 30%, by at least 40%, by at least 50%, particularly by at
least 609%, particularly by at least 65%, more perticularly by at least 75%, even more
particularly by at least 80%, but especially by at least 85%-90% at a molar concentration rato
of antibody to ABj4 of 1:100 and by at least 40%, by at least 50%, particularly by at least
60%, particularly by at least 65%, more particularly by at least 75%, even more particularly
by at least 80%, but especially by at Jeast 85%-90% at a molar conceniration ratio of antibody
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10 ABis of 1:10 as determined by a thioflavin T (Th-T) fluorescent assay, particularly a
thioflavin T (Th-T) fluorescent assay as described in Examples 1.4 and 2.4 below.

| Binding of the antibodies according to the disclosure and as described herein to
amyvloidogenic monomeric and/or éiigomeric pe:ptidés but, partcularly, to the amyloid form
{1~4Zj leads to inhibition of the aggregation of monomeric and/or oligomeric amyloidogenic
peptides to hgh molecular fibrils or filaments. Throug‘h the mnhibition of the aggregation of
amyloidogenic monomeric and/or oligomeric peptides the antibodies according to the present
invention are capable of preventing or slowing down the formation of amyloid plaques,
particularly the amyloid form (1-42), which is known to become insoluble by a change of
secondary conformation and to be the major part of amyloid plaques in brains of diseased
animals or humans,

The éggregation inhibition potential of the antibody according to the disclosure may be
determined by any é:uitabie method known in the art, for example by density-gradient
wliracenirifugation followed by a SDS-PAGE sedimentation analysis on a preformed gradient
and/or by a thioflavin T (Th-T) fluorescent assay. |

In one example, the disclosure relates to an antibody, particularly a monoclonal
antibody as described herein including any functionally equivalent antibody or functional
parts thereof, which antibody, upon co-incubatior, particularly at a molar concentration ratio
of between 1:10 and 1:1000, more particularly at a ratio of 1:100 with preformed mgh
molecular polymeric amyloid fibrils or filaments formed by the aggregation of A monomeric
and/or oligomeric peptides having at least 30, parncularly at least 35, more particularly at
least 38, even more particutarly at least 40 amino acid residues in a monomeric and/or
oligomeric form comprising a phxraiity of said monomeric peptides, but especially ABSi«a
monomeric and/or oligomeric peptides, is capable of disaggregating the preformed polymeric
fibrils or filaments by at least 20%, by at least 30%, by at least 35%, particularly by at least
40%, more particularly by at least 50%, even moré particularly by at least 60%; but especially
by at least 70% or more. .

In a specific example, the aggregation inhibition and the
disaggregation potential of the antibody, respectively, are determined by density-gradient
ultracentrifugation followed by 2 SDS-PAGE sedimentarion analysis on a preformed gradient
Iﬁ another specific exarﬁple, thf_: aggregation inhibition and the | |
disaggregation potential of the antibody, respectively, are determined by thioflavin T (Th-T)

fluorescent assay.

14



In anqther specific example, the antibody according to the disclosure 1s co-
mcubatsd wﬁth preformed high molecular polymenc amyloid fibrils or filaments for 12 hours
to 36 hours, particulariy for 18 hours to 30 hours, more particularly for 24 hours at a
temperaturs of between 28°C and 40°C, particularly of between 32°C and 38°C, more
particularly at 37°C. | _ |

In particular, the co-incubation with preformed high molecular polymeric amyioid
fibrils or filaments is performed for 24 hours at & téxﬁperature of 37°C. |

In one example, the disclosure relates to an antibody, particularly a monocional antibody according to
the disclosure including any functionally equivalent antibody or |
functional parts thereof, which antibody binds preferentially to AByun monomeric p;eptide
particularty to Af monomeric peptide 1-40 and to soluble polymeric and/or oﬁgémer&c
amyloid peptide comprising a plurality of Afl1-42 monomeric peptides,, but shows a
substantially weaker Binding to A monomeric peptide 1-28 and an intermediated binding to
monomeric peptide 1-42 and essentially no bindmg to Af monomeric peptide 17-40 and,
upon co-incubation with p:eforined high moiécula: polymeric amyloid fibrils or filaments
formed by the aggregation of Afi4; monpomeric and/or oligomeric peptides is capable of
disaggregating the preformed polymenic fibrils or filaments, particularly by at least 5%, by at
least 10%, by at loast 20%, particularly by at lesst 30%, more particularly by at least 40%,
even more pamlciilarly by at least 50%, but especially by at least 60%, and even more
particularly by 70% or more.
In particular, the disclosure relates to an antibody, particularly a monoclonal antibody according to
the disclosure including any functionally equivalent antibody or functional parts
thereof, which antibody binds preferentially to AS;4¢ monomeric peptide and also 10 A4,
oligomeric and/or polymeric peptides, but shows a substantially weaker binding to AS
monomeric peptide 1-28 and/or an intermediated binding to monomeric peptide 1-42 and/or
essentially no binding to AS monomerc peptid: 17-40 and, upon co-incubation with
preformed high molecular polymeric amyloid fibrils or filaments formed by the aggregation
of AB 4 monomeric and/or oligomeric peptides is capable of disaggregating the preformed
polymeric fibrils or filaments, particularly by at least 5%, by at least 10%, by at least 20%,
particularly by at least 30%, ‘more particularly by at least 40%, even more particularly by at
Jeast 50%, but especially by at least 60%, by at least 70%, bf/ at least 80% or more..
In one example, an antibody is provided, particularly é monoclonal antibody according to the

disclosure including any functionally equivalent

antibody or functional parts thereof, which antibody binds preferentially to Af3;4¢ monomeric
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peptide and also to A\, oligomeric and/or polymeric peptides, but shows a substantially
weaker binding to AS monomeric peptide 1-28 and/or an intermediated binding to MoRoMEric
peptide 1-42 and/or essentially no binding o Af monomeric peptide 17-40 and upon co-
incubation with preformed high molecular polymeric amyloid fibrils or filaments formed by
the aggregation of AB;42 monomeric and/or oligomeric pcpiide for 24 hours at a temperature
of 37°C results in & disaggregation of the preformed polymeric fibrils or filaments by at least
5%, by at least 10%, by at least 20%, by at leasf 30%, by at least 40%, 'by at least 50%,
particularly by at least 55%, particularly by at least 60%, more particularly by at least 70%
and more, at a molar concentration ratio of antibody to AS;4; of 1:100 and by at Jeast 30%, by
at least 50%, particularly by at least 60%, parbcularly by at least 65%, more particuiar}; by at
least 75%, even more particuiaﬂy by at least 80%, but especially by at least 85%-90% at 2
molar concentranon ratio of antibody to Afis of 1:10 as determined by a thioflavin T (Th-T)
fluorescent assay, pz;rticularly a thioflavin T (Th-T) finorescent assay as described m
Exampiles 1.4 and 2.4 below.

Through both the inhibition of the aggregation of amyioid protein and through the
disaggregation of amyloidogenic polymeric fibrils or filaments the antibodies according to the
present invention are capable of preventing or slowing down the formation of amyiowd
plagues which leads to an alieviation of the symptoms associated with the disease and a delay
or reversal of its progression. '

Accordingly, it is a further example to provide an antibody,
particularly a monoclonal antibody, inciuding any functionally equivalent amntibody or
functional parts thereof as described hefe'm, whicﬁ antibody is capable of decreasing the fotal
amount of AS in the brair of a subject, particularly a mammal, but especially a human
suffering from a disease or condition associated with increased concentration of Af in the
brain. | |

In another example an antibody, particularly a monoclonal
antibody, including any fumctionally equivalent antibody or functional parts thereof as
described herein is provided, which antibody is capable of disrupting plaques thus decreasing
the plaque load in the brain of a subject, particularly a mammal, but especially a human
suffering from 2 disease or condition associated with an increased plague load in the brain. An
antibody according o the invention including anmy functionally equivalent antibody or
functional parts thereof decreases the plaque load in the brain by at least 10%, by at least 20
%, particularly by at least 25%,' more particularly by at least 30%, by at least 40%, by at least
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50%, particularly by at least 60%, particularly by at least 65%, more particularly by at least
75%, even more particularly by at least 80%, but especially by at least 85%-90%.
Tn still another example an antibody, particularly a monoclonal

antibody, including any functionally equivalent antibody or functional parts thereof as

described herein is provided, which antibody 1is capable of solubilizing plagues associated

- with a reduction of the amount of plagues in the brain of & subject, particularly a mammal, but
especially a human suffering from a disease or condifion associated ﬁfith an increased plaque
load in the brain. An antibody according to the mvention including any funcrionally
equivalent antibody or functional parts thereof reduces the amount of plagues in the {bir_ain by
at Jeast 10 %, particularly by at least 15%, more particularly by at least 20%, by at 1ea;t 30%,
by at least 40%, by at least 50%, particularly by at least 60%, particularly by at least 65%,
more particularly by at least 75%, even more particularly by at least 80%, but especially by at
least 85%6-90%. | ' '

It is to be understood that the antibody according to the disclosure can exhiEit one, two
or more of the specific prc)perﬁcs described herein in various combinations.

~ For example, the presenf disclosure provides antibodies, but
especially monoclonal antibodies including any functionally cqﬁivélent antibody or functional
parts thereof, whickh antibodies are bi-specific or bi-effective in that they exiubit both an
aggregation inhibition property as well as a disaggregation property as defined herein,
particularly paired with 2 high degree of conformational sensitivity.

In-one example, an antibody according to the disclosure and as described herein is
bi—speciﬁ& or bi-effective and, upon co-incubation with an A8 monomeric and/or oligomeric
peptide having at ieast 30, partiéularly at ieast 35, more particularly at least 38, even more
particularly at least 40 amino acid residues in a monomeric and/or oligomeric form
cqmprising a plurality of said monomeric peptides, but especially with an AB 47 monomeric

- and/or oligomeric peptide, inhibits the aggregation of the AS monomers to high moiecular
polymeric fibrils and, ' addition, upon co-incubation with preformed high moiecular
polymeric amyloid fibrils or filaments formed by the aggregation of A8 monomeric and/or
oligomeric peptides having at least 30, particularly at least 35, more particularly at least 38,
ever more particularly at least 40 amino acid residues in a monomeric and/or oligomeric form
comprising a plurality of said monomeric peptides, but especially Afh 4n monomeric and/or
oligomeric peptides, is capabie of disaggregating the preformed polymeric fibrils or filaments

In particular, co-incubation with amyloid monomeric and/or oligomeric peptides and

preformed high molecular polymeric amyloid fibrils or filaments, respectively, takes place at
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a molar cor_:ccnt‘mtion ratio of up to 1:1000, but especially at a molar concentration ratio of
between 1:10 and 1:100, particularly at a2 molar concentration ratio of 1:100.

Co-incubation of an antibody according to the disclosure with amyloid monomeric .
and/or oligomeric peptides is carried out for 24 hours to 60 hours,.particuiarly for 30 hours fo
50 hours, more particuiaﬁy for 48 hours at a temperatﬁre of berween 28°C and 40°C,
particularly of between 32°C and 38°C, more particuiarly at 37°C, whereaé the co-incubation
with amyloid preformed high molecular polymeric amyloid fibrils or filaments is carried out
for 12 hours to 36 hours, particularly for 18 hours to 30 hours, more particularly for 24 hours
at a temperature of between 28°C and 40°C, particularly of between 32°C and 385(3!, more
particularly at 37°C. |

In one example, a bi-specific or bi-effective antibody according to the disclosure
and as described herein, is capable of disaggregating the preformed polymeric fibrils or
ﬁlaménts by at least é%, by at least 10%, by at least 20%, by at least 3.0%, by at least 40%, by
at least 50%, particularly by at least 55%, particularly by at least 65%, more particularly by at
ieast 70%, even more particularly by at least 70%, but especially by at least 75%-80%.
In one example, the disclosure provides a bi—speciﬁc or bi~effectiye antibody as

described herein, particularly a monoclonal antibody im{:luciing any functionally equivalent
antibody or functional parts thereof, which antibody inhibits the aggregation of, Af
monomeric and/or oligomeric peptides having at lsast 30, particularly at least 35, more
particularly at least 38, even more particularly at least 40 amino acid residues in 2 monomenc
and/or oligomeric form comprising a phlurality of said monomeric peptides, but especially
AB;4» monomeric and/or oligomeric peptides by at least 40%, by at least 50%, particularly by
at least 65%, more particularly by at ieast 75%, even more particularly by at least 8(5%, but
especially by at least 85-90%, or more as compared to the respective amyioid peptide
monomers incubated in buffer (control).

In one example, the disclosure provides a bi-specific or bi-effective antibody as
described herein, particularly 2 monocional antibody including any functionally equivalient
antibody or functional parts thereof, which antibody exﬂibits high specificity 1o ABia
monomeric peptides particularly to AS monomeric peptide 1-40 and to soluble polymenc
and/or oligomeric amyloid peptide comprising a plurality of AB1-42 monomeric peptides, but
shows essentially mo or only minor to moderate cross-reactivity to an amyloid peptide
monomer selected from the group consisting of AS; 2z ABi7ao, ABias, ABias, ABy4,, and/or

ABy 4> monomeric peptides.
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Tn a specific example, the disclosure relates to an antibody as described herein,
particularly a monoclonal antibody including any functionally eguivalent antibody or
functional parts thereof, which antibody is up to 1(500 fold, particularly 50 to 100 fold, more
particuiarly 80 to 100 fold, but especially 100 fold more sensitive to amyloid peptide AB3).4028
compared 10 ABi.2g, AB17.40, AByag, ABras, Abiay, ABia and Acapable of inhibiting, in vitro and
in vivo, the aggregation of amyloidogenic monomenc and/or oligomeric peptides.
Tn one example, a bi-specific or bi-effective antibody is provided as described
herein, particularly 2 monoclonal antibody including any functionally equivalent antibody or
ctional parts thereof, which antibody binds preferentially to ABi_4p monomeric pe;;tigle and
also to AfBiz, oligomeric and/or polymeric peptides, but shows a substantially iveakcr
binding to AB monomeric peptide 1-28 and/or an intermediated binding 1o monomeric peptide
1-42 and/or essentially no binding to AfS monomeric peptide 17-40 and, upon co-incubation
with Af.42 monomeric and/or oligomeric peptide for 24 hours at a temperature of 37°C
inhibits the aggregation of the Af monomers andfor. oligomers to high molecular polymeric
fibrils by at least 5%, by at least 10%, by at least 20%, by at least 25%, by at least 30%, by’ at
least 40%, by at least 50%, particularly by at least 55%, particularly by at least 65%, more
particularly by at least 70%, ata rolar concentration ratio of antibody to A4 of 1:100 and
by at least 10%, by at least 20%, by at least 30%, by at least 40%, by at least 50%, particularly
by at least 60%, particularly by at least 65%, more particularly by at jeast 75%, even more
particularly by at least 80%, but especially by at least 85%-90% at 2 molar concentration ratio
of antibody to ABi4y of 1:10 and upon co-incubation with preformed high molecular
polymeric amyloid fibrils or filaments formed by the aggregation of A4 monomeric and/or
oligomeric peptide for 24 hours at a temperature of 37°C results in a disaggregation of the
preformed polynicric fbrils or filaments by at least 10% at 2 molar concentration rafio of
antibody to AS;4» of 1:100 and by at least 20% at 2 molar concentration ratio of antibody fo
ABisn of 1:10 as determined by a thioflavin T (Thk-T) fluorescent essay, particularly a
thioflavin T (Th-T) fluorescent assayi as described in Examples 1.4 and 2.4 below.
In another specific example, the disclosure relates to an antibody as described
herein, particularly & monoclonal antibody including any functionally equivaient antibodsr or
functional parts thersof, which antibody has a high binding sensitivity to amyloid peptide Aby.
<o and is capable of detecting A4 soluble oligomers and/or polymeric amyloid peptides in &
concentration of up to 0.01 gg, but particularly in a concentration range of between 0.5 g and
0.01 ug, more particularly berween 0.1 pg and 0.01 pg, but especially in a concentration of
0.01 ug. ‘
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In one example the disclosure provides an antibody as descnbed herein,

particularly a ‘monocional antibody including any functionally equwalﬂnt antxbody or
functional parts thereof, which antibody has been raised against a supramolecular antigenic
constyuct comprising an at;j:igenic peptide coresponding to the amino acid sequence of the §-
.'amyloid peptide, AB.is, modified with hydrophobic pahi‘xitic acid fxloieties, whersin said
hydrophobic moiety is covalently bound to each terminus through an amino acid such ag, for
example, lysine or any other suitable amino acid or amino acid analogue capable of serving as
a linker molecuie.

The antibody according to the disclosure and as described herein, particularly a
monoclonal antfbody including any functionally equivalent antibody or functmnal parts
thereof recognizes and binds to a conformational epitope.

In one cxample the disclosure relates to a light chain variable region exhibiting an

“amino acid scqucnce that is 85%, R6%, 87%, 8E%, 89%, 90%, 91%, 92%, 93%, 94%, 35%, '
96%, 97%, 98% or 99% identical to the sequences given in SEQ ID NO: 7, or a functional
part thereof comprising at least one, particularly at Jeast two, more particularly at least 3 of
the light chain CDRs having the polypeptide seﬁ;ue:nces SEQ ID NOs: 9-11, but especially all
CDRs embedded in thcﬁ natural framework regions.
Tn one example, the disclosure relates to a heavy chain variable region exhibiting
an amino acid sequence that is 85%, 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%,
05%, 96%, $7%, 98% or 99% identical 1 the sequences given in SEQ ID NO: §, or &
functional part thereof comprising at-least one, -particularly at least two, more particuiarly at
Jeast 3 of the beavy chain CDRs having the polypeptide sequences SEQ ID NOs: 12-14, but
especially all CDRs embedded in their natura] framework regions. -
Turther, the disclosure relates to an antibody, particularly a inonoclonai antibody
including any functiopally equivalent antibody or functional parts thereof according to the
present invention and as described berein wherein said antibody comprises a light chain
variable domain exhibiting an amino acid sequence that is 85%, 86%, 87%, 88, 89%, 90%,
1%, 92%, 93%, 94%, 95%, 96%, $7%, 98% or 99% identical to the sequences given in SEQ
ID NO: 7, or a functional part thereof comprising at least one, particularly at least twe, more
particularly at least 3 of the light chain CDRs having the polypeptide sequences SEQ ID NOs:
9.11, but especially all CDRs embedded in their natural framework regions.
Further, the disclosure relates to an antibody, particularly a monoclonal antibody
cluding any functionally equivalent antibody or functional parts thereof according to the -

present disclosure and as described herein wherein said antibody comprises a heavy chain
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variable domain exhibiting an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%:)9_5%, 96%, 97%, 98% or 99% identical o the seguences given in SEQ
ID NO: &, or a functional part thereof comprising at least one, p;articularly at least two, more
particularly at least 3 of the heavy chain CDRs having the polypeptide sequences SEQ ID
NOs: 12-14, but especially all CDRs embedded in their natural framework regions.
In one example, the disclosure relates to an antibody, particularly a monocional

antibody inciuding any functionally equivalent antibody or functional parts thereof according
to the present invention and as described herein, wherein said antibody comprises a light
chain and 2 heavy chain variable domain exhibiting an amimo acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 93%, 96%, 97%, 98% or 99% identical to the
sequences given in SEQ ID NO: 7 and SEQ ID NO: 8, or a functional part thereof comprising
part or all the heavy and the hight chamm CDRs having the polypeptide sequences SEQ ID
NOs: 9-14.

The disclosure further relates to a monoclonal antibody including any functionally

equivaient antibody or functional parts thereof which antibody comprises a polypeptide
sequence depicted in SEQ ID NO: 7 and/or- SEQ ID NO:8. The disclosure further relates to
the monoclonal antibody ACI-24-Ab-3 having the polypeptide sequences SEQ ID NOs: 7-8.
Also cdmpriséd by the present disclosure is an antibody the sequence of which has
been altered by introducing at least one, particularly at least two,r more particuiarly at least 3
or more conservative substitutions into the sequences of SEQ ID NOs: 7-8, such that the
antibody esse:ﬁt:'aliy maintains its full functionality.
‘In one example the disclosure relates to a peptide fragment comprising the light
chain CDR1 as given in SEQ ID NO:9 and/or the light chain CDR2 as given in SEQ ID
NO:10 and/or the light chain CDR3 as given in SEQ ID NO:11.
| In one example the disclosure relates to a peptide fragment comprising the heavy
chain CDR1 as given in SEQ ID NQO:12 and/or the heavy chain CDR2 as given in SEQ ID
NO:13 and/or the heavy chain CDR3 as given in SEQ ID NO:14.

In one example the disclosure relates to the light chain CDR1 as given in SEQID
NO:9. .
In one example the disclosure relates to the light chain CDR2 as given in SEQ ID
NO:10.
In one example the disclosure relates to the light chain CDR3 as given in SEQ ID
NO:11.
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In one example the disclosure relates to the heavy chain CDR1 as given in SEQ ID
NO:12. '

In one example the disclosure relates to the heavy chain CDR2 as given in SEQ 1D
NO:13.

In one example the diséiosure relates to the heavy chain (fDRB as given m SEQ 1D

NO:14.

In: one example, the disclosure relates to a polynucleotide comprising a nucleotide
sequence encoding 2 light chain variable region exhibiting an amino acid sequence that is
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98"/:; or 99%
identical to the sequences given in SEQ ID NO: 7, or a functiona! part thereof comprising at
least one, particularly at least two, more particularly at least 3 of the light chain CDRs having
the polypepﬁde sequences SEQ ID NOs: $-11, but especially all CDRs embedded in their
natural framework régions.ln one embodiment, the mvention relates t 2 ‘poiynucleotidc
compnsing a nucleoticie seguence encoding a heavy chain variable region exhibiting an amino
acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
$7%, 98% or 99% identical to the sequences given in SEQ ID NO: 8, or a functional part
thereof comprising at least one, particularly at least two, more particularly at least 3 of the
heavy chain CDRs having the polypeptide sequences SEQ ID NOs: 12-14, but especially all
CDRs embedded in their natural framework regions. '

In a third aspect, there is provided an isolated polynucleotide encoding the antibody or
the epitope-binding fragment thereof according to the invention.
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In one example, the disclosure relates to a polynucleotide comprising a nucleotide

sequence‘ encoding an antibody, particalarly a monoclonal antibody including -any
functionally equivalent antibody or functional parts thereof according 10 the present imvention
and as described herein wherein said anfibody comprises a light chain variable domain
exhibiting an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 52%, 93%,
94%, 95%, 96%, 97%, 98% or 99% identical to the sequences given m SEQ ID NO: 7, ora
functional part thereof comprising at least one, particularly at least two, more particularly at
least 3 of the light chain CDRs having-the polypeptde sequ.cnces SEQ ID NOs: 9-11, but
especially all CDRs embedded in their natura] framework TEZIOMS.,

Tn one example, the disclosure relates to a polynucleotide comprising a micleotide
sequence encoding ‘an  aptbody, particularly a monoclonal antibody including amy
functionally eguivalent antibody or functional parts thereof according to the present invention
and zs described herein wherein said antibody comprises 2 heavy chain variable domain
exhibiting an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% identical to the seéuences given in SEQ ID NO: 8, 0ra
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functiona! part thereof comprising at least one, particularly at least two, more particularly at
Jeast 3 of the heavy chain CDRs having the polypeptide sequences SEQ ID NOs: 12-14, but
especially all CDRs embedded in their natural framework regions. |
| Iﬁ one example, the disclosure relates to a polynucleotide comprising a nucleotide

sequence encoding an antibody, particularly a monoclonal antibody including any
functionally equivalent antibody or functional parts thereof accordmo to the present invention
and as described herein wherein sa1d antibody comprises a light chain and a heavy chain
variable domain exhibiing an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to the sequences given SEQ ID
NO: 7 and in SEQ ID NO: 8, or a functional part thereof comprising the light chain and the
heavy chain CDRs having the polypeptide sequences SEQ ID NOs: §-14.

In another example, a polynucieotide is provided comprising a nucleotide sequence encoding the

antibody according to the disciosure as described herein, but
particularly a nucleotide sequence encoding the monocional antibody having the potypeptide

sequences SEQ ID NOs: 7-8. In particular these polymucleotide sequences are SEQ ID NOs:
15-16. |
In another example, a polynucleotide is provided which hybridizes under stringent
conditions to & nucleotide sequence encoding the monocional antibody having the polypeptide
sequences SEQ ID NOs: 7-8.  In particular a polynucleotide 1 provided which hybridizes
under stringent conditions 1o nucleotides ssquences SEQ 1D NOs: 15-16.
In particular, position 52 of SEQ ID NO: 8, may be any amino acid. In a further
example, position 52 may be a tyrosine, serine, or cysteine residue. More particularly
position 52 is a cysteine residne.
In a specific example, the disclosure relates to a monoclonal antibody including
any functionally equivalent antibody or functional paﬂé thereof which antibody has the
characteristic properties of an antibody produced by hybridoma cell line EJ1A9, deposited on
May 25,2007 and given deposit number DSM ACC2844
In particular, the disclosure relates to a monoclonal antibody including any functionally
equivalent antibody or functonal parts thereof produced by hybridoma cell Iine EJ1AS,
deposxted on May 25, 2007 and given deposit number DSM ACC2844.
In particular, the disclosure also relates to an A epitope which binds to a monoclonal
antibody inciuding any functionally equivalent antibody or fimctional parts thereof, which
antibody hes been raised against 2 supramolecular antigenic construct comprising an antigenic

peptide corresponding to the amino acid sequence of the f-amyloid peptide, ABi.is, modified
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with hydrophobic palmitic acid moietiss, wherein said hydrophobic moiety is covalently
bound to each terminus through an amino acid such as, for example, lysine or any other
suitable amino acid or amino acid analogue capable of serving as a linker molecule. The
invention further relates to the Af epitope which bind to the monoclonal antibody ACI-24-
Ab-3. | |

Tn one example, the disclosure relates to an antibody, as described herein,
particularly 2 monoclonal antibody including any functiopally equivalent antibody or
functional parts thereof, which antibody binds to Af monomeric peptides having at least 10,
particularly at least 20, more particularly at least 30, even more particﬁiarly at least 40 amino
acid residues, and/or to soluble polymeric amyloid peptides comprising & plurality ﬁof said
emyloid monomeric peptides and/or to amyloid fibers or fibrils incorporating 2 plurality of
said polymeric peptides but especially to an AB;4; monomeric peptide and polymeric soluble
A peptides comprising a plurality of ABi42 monomeric peptides and Af fibrils or fibers
incorporating a plurality of said polymeric peptides, and shows essentially no binding to A8
monomeric peptides baving 8 or fewer amino acid residunes.

In one specific examial.e, the disclosure relates to an antibody, as described herein,
particularty 2 monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, which antibody binds 1o AS monomeric peptides baving at least 30,
even more particularly at least 40 amino acid residues, and/orto soluble polymeric amyloid

peptides comprising a plurality of said amyloid monomeric peptides and/or to amyloid fibers

or fibrils incorporating a pluraiity of said polymcnc p&ptld“‘s but especially to an Afin
monomeric peptide and polymeric soluble AB peptides comprising & phurality of Sio
monomeric peptides and AS fibrils or fibers incorporating & phirality of said polymerc
peptides, but shows essentially no binding to AS monomeric peptide 17-40,

In another specific example, an antibody is provided as described
herein, particularly a monoclonal antibody including any functionally equivaient antibody or
functional parts thercof which antibody binds to AS monomeric peptide 1-42 and polymeric
soluble A peptides comprising a plurality of AB;42 monomeric peptides and Af fibrils or
fibers incorporating a piurality of said polymenc peptides, but shows a substantially weaker
binding to A8 monomeric peptide 1-28.

In another specific example, an antibody is provided as described
herein, particutarly a monoclonal antibody inciuding any functiopally equivalent antibody or
functional parts thereof, which Iantibody binds to AS monomeric peptide 1-42 and polymeric
soluble Af peptides comprising & plurality of Afi4z monomeric peptides and AS fibrils or -
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fibers incorporating a plurality of said polymeric peptides, but shows a substantially weaker
binding to AB monomeric peptide 1-28 and essentially no binding to A8 monomeric peptide
1740. - |
In particular, the antibedy, particularty 2 monoclonal antibody according to the

disclosure, including any fuﬁctionaily equivalent antibody or functional parts thereof, binds o
AB1-42 mopomeric peptide and polymeric soluble AB peptides comprising a2 plurality of ABl-
42 ‘monomeric peptides and AB fibrls or fibers incorporating -ﬁ plurality of said polymeric
peptides, but shows 2 substantially weaker bmdmcr to Aﬁ’ INoNomMEric peptxde 1-28 and/or
essentially no binding to A monomeric peptide 17-40, and, upon co-incubation thh Afia
monomeric and/or oligomeric peptide, inhibits the aggregation of the AS monomers to high
molecular polymeric fibrils.

In one example, the antibody, particularly a monocional antibody according to the d1sclosu1'e
including any funcnonally equivalent antibody or functional parts thereof, inhibits
the aggregation of the Af monomers and/or oligomers to high moiecuiar polymeric fibrils by
at least 209, by at least 30%, particularly by at least 40%, particularly by at least 50%, more
parincularly by at least 60%, even more particularly by at least 70%, but especially by at least
80%-90%, or more as compared to the respective amyloid peptide monomers incubated i

buffer (control}.

In one example, an antibody is provided, parncularly a monoclonal antibody according to the
disclosure including any functionally equivalent
antibody or ﬁmcnonai parts thereof, which antibody binds to AB1-42 monomeric peptide and
polymeric soluble Af peptides comprising a plurality of AS1-42 monomeric peptxdes and Af
fbrils or fibers incorporating a plurality of said polymeric peplides, but shows a substantally
weaker binding to AS monomeric pcpride 1-28 and/or essenmtialty no binding to AP
monomeric pepide 17-40 and, upon co-incubation with AB:.; monomeric and/or oligomeric
peptide for 24 howurs at a temperaﬁzre of 37°C inhibits the aggregation of the AS monomers t0
high molecular polymeric fibrils by at least 20%, by at Jeast 30%, particularly by at least 40%,
particutarly by at least 50%, more particularly by at lzast 60%, even more particularly by at least 70%
at a molar concentration ratio of antibody to Afi4 of 1:100 and by at Jeast 50%, more
particularly by at least 60%, more particularly by at least 65%, even more particularly by at least 70%
at & molar conceniration ratio of antibody to ABjan of 1:10 as determined by a thioflavin T
(Th-T) ﬂuo:csceﬁt assay, particularly a thioflavin T (Thk-T) fluorescent assay as described
Examples 1.4 and 2.4.

In particular, the disclosure relates to-an aniibody, particularly the monoclonal antibody according to

the disclosure including any functionally equivalent antibody or functional parts
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thereof, which antibééy binds to AB1-42 monomeric peptide and polymeric soluble AB
peptides comprising & plurality of Af1-42 monomeric peptides and AS fibrils or fibers
incorporating a plurality of said polymeric peptides, but shows a substantially weaker binding
to AS monomeric peptide 1-28 and/or essentially ne binding 0 AS monomeric peptide 17-40,
and, upon co-incubation with preformed high moiecul;;r poiymeﬁc amyloid fibrils or
fitaments formed by -the aggregation of AB 4 monomeric and/or oligomeric peptides is
capable of disaggregating the preformed polymeric fibrils or filaments, particularly by at least
10%, by at least 20%, particularly by at least 30%, more part:cularly by at least 40%, even
more particularly by at least 50%, but especially by at least 60% or more. .

In one example, an antibody is provided, particularly a
moﬁoclonal Vamibody according to the invention including any functionally equivalent
antibody or functional parts thereof, which antibody binds to Af1-42 monomernic peptide and
polymeric soluble Aﬁ peptides comprising a plwahty of AB1-42 monomeric peptides and A
fibrils or fibers incorporating a plurality of said polymeric peptides, but shows a substantially
weaker binding to Af monomeric peptide 1-28 and/or esscnnally no bmdmv o Af
monomeric peptide 17-40 and, upon co-incubation with preformed high molecular polymeric
amyloid fibrils or filaments formed by the aggregation of AB;.¢; monomeric and/or ohigomeric
peptide for 24 hours at a temperature of 37°C results in a disaggregation of the preformed
polymeric fibrils or filaments by at least 10%, by at least 20%, by at least 30%, paih'cularly by at
ieast 40%, particularly by at least 50%, more particularty by at least 60%, even more particuiarly by at
‘Jeast 70%, at a molar concentration ratio of antibody to ABi.s2 of 1:100 and by at least 40%,
particularly by at least 50%, more particularly by at least 60%, even more particularly by at Jeast 70%
at 2 molar concentration ratio of antibody to ASy4 of 1:10 as determined by a thioflavip T
(Th-T) fluorescent assay, particularly a thioflavin T (Th-T) fluorescent assay as described in
Examples 1.4 and 2.4 below. - '

Through the inhibition of the aggregation of amylmd protein and/or through the
disaggregation of amyloidogenic polymeric fibrils or filaments the antibodies according to the
present disclosure are capable of preventing or slowing down the formation of amyloid
plaques whick leads to an alieviation of the symptoms associated with the disease and a delay
or reversal of its progression.

Accordingly, it is a further example to provide an antibody,
particularly a monoclonal antibody, inciuding any functionally equivalent antibody or
functional parts thereof as described herein, which antibody is capable of decreasing the total

arnount of AB in the brain of a subject, particularly a mammal, but especially 2 buman
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suffering from a disease or condition associated with to increased concentration of AS in the
brain,
In énother example, an antibody, particularly a monoclonal
- antibody, including any functionally equivalent antibody or functional parts thereof as
described herein is provided, which antibody is capable of disrupting plaques thus decreasing
ﬁhe plague load in the brain of a subject, particularly a mammal, but especially a human
‘ suffcri.ﬁg from a disease or condition associated with an increased plaque load in the brain. An
antibody according to the disclosure including any functionally equivalent antibody or
functional parts thereof decreases the plague load in the brain by at least 2O Yo, partiéulfarly by
at least 25%, more particularty by at least 30%, even more particularly more than 30%.?
In still another example an antibody, particularly a _monoclonal
antibody, inciuding any functionally equivalent antibody or flmctionél parts thereof as
described herein is érovided, which antibody is capable of solubilizing plaques associated
with a reduction of the amount of plagues i the brain of a subject, particularly & mammal, but
especially a human suffering from a dissase or condition associated with an increased plague
load in the brain. An antibody according to the disclosure including any functionally
equivalent antibody or functional parts thereof reduces the amount of plagues in the brain by
at least 10 %, particularly by at jeast 15%, more particularly by at least 20%.
It is to be understood that antibody according to the disclosure can exhibit one, two
or more of the specific properties described herein in various combinations. :
For example, the present disclosure provides antibodies, but
especially monoclonal antibodies inciuding any functionally equivalent antibody or functional
parts thereof, which antibodies are bi-specific or bi-effective in that they exhibit both an -
aggregation mhibition property as well as a disaggrégatibn property as defined herein,
particularly paired with 2 high degree of conformational sensitivity. - '
Tn one example, an antibody according to the disclosure and as described herein is
bi-specific or bi-effective and, upon co-incubation with an A monomenc and/or oligomeric
peptide having at least 30, particularly at least 35, more particularly at least 38, even more
pan:iculeirly at least 40 amino acid residues, but especially with an Af,4» monomeric and/or
oligomeric peptide, inhibits the aggregation of the A8 monomers to high molecular polymeric
fibrils and, in addition, upon co-incubation with preformed high molecular polymeric amyloid
fibrils or filaments formed by the aggregation of AS monomeric and/or oligomeric peptides

having at least 30, particularly at least 35, more particularly at least 38, even more particularly
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at least 40 amino acid residues and, but especially Afia monomeric and/or oligomeric
peptides, is capable of diéaggregating the preformed polymeric fibrils or filaments.

In particular, co-incubation with amyloid monomeric and/or oligomeric peptides and
preformed high molecular polymeric amyloid fibrils or flaments, respectively, takes place at
a molar concentration ratio of up to 1:1000, but espccially" at & motlar concentration ratio of
between 1:10 and 1:1000, paﬁicularly at-a molar concentration ratio of 1:100.

Co-incubation of an antibody according to the disclosure with amyloid monomeric
and/or oligomeric peptides is carried out for 24 hours to 60 hours, particularly for 36 hours to
50 hours, more particularly for 48 hours at a temperature of berween 28°C and 40°C,
_ p_g.rticulariy of between 32°C and 38°C, more particularly at 37°C, whereas the co-incaba‘don
with amyloid preformed bigh molecular polymeric amyloid fibrils or filaments is camed out
for 12 hours to 36 hours, particularly for 18 hours to 30 hours, more particularly for 24 hours
" at 2 temperature of between 78°C and 40°C, particularly of between 32°C and 38°C, more
particutarly at 37°C.

In one example, & bi-specific or bi-effective antibody according to the disclosure

and as described herein, particularly a monoclonal antibody including any functionally
equivalent anﬁbody or functional parts thereof, is capable of disaggregating the preformed
polymeric fibrils or filaments by at least 10%, by at least 20%, by at least 30%, particularly by
at least 40%, particularly by at least 50%, more particularly by at least 60%, even more
particularly by at least 70%. '

Tn one example, a bi-specific or bi-effective antibody according to the disclosure
and as described herein, particularly a monoclonal antibody inciuding any functionally
equivalent antibody or functional parts thereof, is capable of inhibiting the aggregation of Af
monomeric and/or oligomeric peptides having at least 30, particularly at least 35, more
particularly at least 38, even more particularly at least 40 amino acid residues, but especially
ABi.4; monomeric and/or oligomeric peptides by at lsast 30%, particularly by at least 40%,
particularly by at least 50 %, more particularty by at least 60%, even more particularly by at
Jeast 70%, but especially by at least 80-90%, or more as compared to the respective amyloid |
peptide monomers incubated in buffer (control).

In one example, the disclosure provides a bi-specific or bi-effective antibody as
described herein, particularly 2 monocional antibody including any functionally eguivaient
antibody or functiopal parts thereof, which antibody exhibits high specificity o ABy

monomeric peptides but shows essentially no or only minor cross-reactivity to an amyloid
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peptide m_onorn'er' selected from the group consisting of A& 28, and AfBy7.4p monomeric
peptides. - ,

In a‘ speciﬁc example, the disclosure relates to an antibody as described herein,
particularly a monoclonal antibody iz:_tciuding any functionally eguivalent antibody or
functional parts thereof, which antibody is up to 1000 foi& particularly 50 to 1000 fold, more
particularly 80 to 100 fold, but especially 100 fold more sensitive to amyloid peptide AB 4 a5
- corapared to ABis, and/or ABirag, and s capable of inhibiting, in vifro and in vive, the
aggregation of amyloidogenic monomeric and/or oiigcme.ﬁc peptides and/or of disaggregating
preformed polymeric fibrils or filaments. | )

In one example, the disclosure provides a bi-specific or bi-effective antibody as
described herein, particularly a monocional antibody including any functionally equivalent
antibody or functional parts thereof, which antibody binds to AfS1-42 monomeric pepnde and
polymeric soluble AB peptides comprising 2 plurality of AS1-42 monomeric peptides and Af
fibrils or fibers incorporating & plurality of said polymeric peptides, but shows a substantially
weaker binding to AfS monomeric peptide 1-28 and/or essentially no binding o AB
monomeric peptide 17-40 and, upon co-incubation with A4 monomeric and/or oligomeric
peptide for 24 hours at a temperature of 37°C inhibits the aggregation of the AS monomers to
high molecular polymeric fibrils by at least 30% at a molar concentration ratio of antibody to
ABi4 of 1:100 and by at least 65% at a molar concentration ratio of antibody to Az of
1:10 and, ‘upon co-incubation with preformed high molecular polymeric amyloid fibrils or
filaments formed by the aggregation of Ap;42 monomeric and/or oligomenc peptide for 24
hours at a temperature of 37°C results in 2 disaggregation of the preformed polymeric fibrils
or filaments by at least 20%, at a molar concenﬁaﬁon ratio of antibody to AB4; of 1:100 and
by at least 50% at a molar concentration ratio of antibody to A4 of 1:10 as determined by 2
thioflavin T (Tk-T) fluorescent assay, particulaﬁy a thioflavin T {Thk-T} fluorescent asséy as
described in Exampies 1.4 and 2.4 below.

Tn another specific example, the disclosure relates to an antibody as described
herein, particularty @ monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, which antibody has & high binding sensitivity to amyloid peptide AS;.
4+ and is capable of detecting AB;4> fibers in a concentration of up to 0.01 ug, but particularly
in a concentration range of between 0.5 g and 0.01 ug, more particularly betweer 0.1 'pg and
0.01 ug, but especially in a concentration of 0.01 pg.

In one example, the disclosure provides an antibody as described herein,

particularty a monoclonal antibody incinding any functionally equivalent anubody or
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funcmonal parts thﬂrcof, which antibody has been razscd against a supramolecular antigenic
construct comprising an antigenic peptide corresponding to the amino acid sequence of the &
amyloid peptide Afz.3; and AB2sao, respectively, modified w:t‘n a hydrophilic moiety such as,
for example, polyethylene glycol (PEG) wherein said hydrophilic moiety is covalently bound
to each terminus through an amino acid such as, for e @pie lysine or any other suitable
~ amino acid or amino acid ana.loguc capable of serving as a linker molccuie

The antibody according to the disclosure and as described herein, pamcu}ar}y a
monoclonal entibody including any functionally equivalent antibody or functional parts
thereof recognizes and binds to 2 conformational epitope. ' .

In one example, the disclosure relates to a light chain variable region exhlbmng an
amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
06%,, 97%, 98% or 9?% identical to the sequences given in SEQ 1D NO: 17 and SEQ ID NO:
19, respectively, or a functioﬁal part thereof comprising at least one, particularly at least twe,
more particularly at least 3 of the light chain CDRs, but especially all CDRs smbedded in
their patural framework regions.

In one example, the disclosure relates to a heavy chain variable region exhibiting an
an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 50%, 91%;, 92%, 93%, 94%,
95%, 96%, 97%, 98% or 99% identical 1o the sequences given in SEQ ID NO: 18 and SEQ ID
NO: 20, respectively, or a functional part thereof comprising at least one, particularly at ieast
two, more particuiarty at least 3 of the heavy chain CDRs, but especially all CDRs embf*ﬂdud
in their patural framework regions.

Further, the disclosure relates to an antibody, particularly a monoclonal antibody
inclnding any functionally equivalent ann"body or functional parts thereof according to the
present disclosure and as described herein wherein said antibody comprises 2 light chain
variable domain exhibiting an amino acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%,
01%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical o the sequences given in SEQ
IDNGO: 17 and SEQ ID NO: 19, respectively;-or a functional part thereof comprising at least
one, particularly at least two, more particuiarly at least 3 of the light chain CDRs, but
especially all CDRs embedded in their natural framework regions.

Further, the disclosure relates to an antibody, particularly a monocional antibody
including any functionally equivalent antibody or ﬁm.r‘:tional parts thereof according io the
present disclosure and as described herein wherein said antibody comprises 2 heavy chain
variable domain exhibiting an amino acid sequence that is 85%, 86%, 87%, 88%, B9%, 50%,
91%, 92%, $3%, 94%, 95%, 96%, 97%, 98% or 99% identical 1o the sequences given in SEQ
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ID NO: 18 and SEQ ID NO: 20, respectively, or 2 functional pari thereof comprising at least
one, particularly at Jeast rwo, more parficularly at least 3 of the heavy chain CDRs, but
especially all CDRs embedded in their natural framework regions.
In one example, the disclosure relates to an antibody, paxﬁcularly a monoclonal
antibody including any functionally equivalent antibody or functional parts thereof according
to the przsent invention and as described berein, wherein 'said antibody comprises a hight
chain and a heavy chain variable domain exhibiting an amino acid sequence that is 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99% identical to the
sequences given in SEQ 1D NO: 17, SEQ ID NO: 19, SEQ ID NO: 18 and SEQ ID N’O:VZO, or
a functional part thereof comprising part oT all the heavy and the light chain CDRs. F
The disclosure further relates to a monocional antibody including any functionally
equivalent antibody or functional parts thereof which antibody comprises the polypeptide
sequence as given in SEQ ID NOs: 17 and SEQ ID NOs:19 and/or in SEQ ID NO: 18 and
SEQ ID NO: 20. The disclosure further relates to the monoclonal antibody ACI-11-Ab-9
having the polypoptide sequences SEQ ID NO: 17-18 and ACI-12-Ab-11 baving the
polypeptide sequences SEQ ID NOs: 19-20.
Also comprised by the present disclosure is an antibody the sequence of which has
been altered by infroducing at least one, particularly at Jeast two, more particularly at least 3
or Tnore conservative substitutions into the ssquences of SEQ ID NOs: 17-18 and SEQ ID
NOs: 19-20, respectively, such that the antibody essentially maintains its full functonality.
in one example the disclosure relates to a peptide fragment comprising the light |
_ chain CDR1 as given in SBQ ID NO: 21 and/or the light chain CDR2 as given in SEQ ID
NO: 22 and/or the light chain CDR3 2s given in SEQ ID NO: 23.
In one example the disclosure relates to a peptide fragment comprising the heavy
chain CDR1 as given in SEQ ID NO: 24 and/or the heavy chain CDR2 as given in SEQ D
NO: 25 and/or the heavy chain CDR3 2s given in SEQ ID NO: 26.

In one example the disclosure relates 10 the light chain CDR1 as given in SEQID
NO: 21.

In one example the disclosure relates to the light chain CDR2 as given in SEQ D
NO: 22

Tn one example the disclosure relates to the light chain CDR3 as given in SEQ ID
NO: 23,

In one example the disclosure relates to the heavy chain CDR1 as given in SEQ
ID NO: 24,
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In one example the disclosure relates to the heavy chain CDR2 as given in SEQ
ID NO: 25.
In one example the disclosure relates to the heavy chain CDR3 as given in SEQ
D NO: 26. _
I one example, the disciosure relates to a polynucleotiide comprising z nucieotide
sequence encoding & hght chain variable region exhibiting an amino acid sequence that is
85%, 86%, 87%, 88%, 89%, 0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the sequences given in SEQ ID NO: 17 and SEQ ID NO: 19, rcspectivcly, ora
functional part thereof comprising at least one, particularly at Jeast two, more pamaularly at
least 3 of the light chain CDRs as depicted in SEQ ID NOs: 21-23, but especially all CDRs
embedded in their natural framework regions.
In one exa:mple the disclosure relates to a polynucleotide comprising a nucleotide
sequence encoding a hpavy chain variable region exhibiting an amino acid sequence that is
85%, 86%, 87%. B8%, 89%, 90%, 1%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
1dentical to the sequénces given in SEQ ID NO: 18 and SEQ ID NO: 20, respectively, or é
functional part thereof comprising at least one, particularly at least twe, more particularly at
least 3 of the heavy chain CDRs as depicted in SEQ ID NOs: 24-26, but especially all CDRs
embedded in their natural framework regions.
In one example, the disclosure relates té a polynucleotide comprising a nucleatide
sequence encoding an antbody, particularly a monoclonal antibody mcluding any
functionally equivalent antibody or functional parts thereof according i:o the present disclosure
and as described herein wherein said antibody comprises a light cham vamable domain
exhibiting an MO acid sequence that is 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
04%, 95%, 96%, $7%, 98% or 99% identical to the sequences given in SEQ ID NO: 17 and
SEQ ID NO: 19, respectively, or & functional part thereof comprising at icast one, particuiériy
at least two, more particularly at least 3 of the light chain CDRs as depicted in SEQ ID NOs:
21-23, but especially all CDRs embedded in their natural framework regions.
In one example, the disclosure relates to a polynucleotide comprising a nucleotide
sequence encoding an antibody, particularly 2 monocional antibody including eny
functionally equivalent antibody or functional parts thereof according to the present disclosure
and as described herein wherein said antibody comprises a heavy chain variable domain
exhibiting an amino acid sequence that is 85%, 86%, 7%, 88%, B9%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98% or 99% identical to the sequences given in SEQ ID NO: 18 and
SEQ ID NO: 20, respectively, or a functional part thereof comprising at least one, particularly



at least two, more particularly at least 3 of the heavy chain CDRs as depicted in SEQ ID NOs;
24-26, but cspemal}y ali CDRs embedded in their natural framework regions,

In one example, the disclosure relates to a polynucleotide comprising a nucleotide
sequence encoding an antbody, particularly a monocional antibody inciuding any
functionally equivalent antibody or functional parts thereof accordmg to the present disclosure
and as described herein wherein said antibody comprises 2 hght chain and 2 heavy chain
variable domain exhibiting an amino acid sequence that 1z 85%, B6%, B7%, 88%, B9%, 90%,
91%, 92%, 93%, 54%, 95%, 96%, 97%, 98% or 99% identical to the sequences given SEQ ID
NO: 17 and SEQ ID NO: 19 and in SEQ ID NO: 18 and SEQ ID NO: 20, respestively, or &

ctional part thersof comprising the light chain and the heavy chain CDRs as dep{cted in
SEQ ID NOs: 21-26. ‘

Tn another example, a polynucleotide is provided comprising a nucleotide sequence encoding the
antibody according to the disclosure as described herein, but

particularly a nuclcoude sequence encoding a monocional annbody having the polypeptide
sequences i SEQ ID NOs: 17-18 or a monoclonal antibody havmg the polypeptide sequence
SEQ ID NOs: 19-20. In particular, the polynucleotides encoding SEQ ID NOs: 17-18 and
SEQ ID NOs: 19-20 are SEQ ID NOs: 27-28 and SEQ ID NO: 26-30, respectively.

In another example, a polynucleotide is provided. which hybridizes under stringent
conditions td a nucleotide sequence encoding the monocional antibody having the polypeptids
sequences SEQ ID NOs: 17-18 or 2 monoclonal antibody having the polypeptide sequences
SEQ ID NOs: 19-20. In particular a polynﬁcleotids is provided which hybndizes und“f
stringent conditions to mcleotides sequences SEQ ID NOs: 27-28 or . SEQ ID NO: 28-30. In
a specific example, the disclosure relates to a monoclonal antibody including any
functionally equivalent antibody or functional parts thereof which aptibody has the

characteristic properties of an antibody produced by bybridoma cell line FG1FSE4, deposiied
on May 25, 20067 as DSM ACC2845.

In particular, the disclosure relates to a monoclonal antibody including any functionally
equivalent antibody or functional parts thersof produced by hybridoma cell lime FG1FOES,
depesited on May 25, 2007 as DSM ACC2845.

In z specific example, the disclosure relates to a monoclonal antibody including
any functionally equivalent antibody or functional parts thereof which antibody has the
characteristic properties of an anfibody produced by bybridoma cell line FK2AGAG, dspcsited'
on May 25, 2007 as DSM ACC2845. |
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In particular, the disclosure relates to a monoclonal antibody including any functionally
equivalent antibﬁdy or functional parts thereof produced by hybridoma cell line FK2A6AS,
deposited on May 25, 2007 as DSM ACC2846.

In particular, the disclosure also relates to an Af epiiope which bind to a monoclonal
antibody including any functonally eguivaient antibody or functional parts thereof, which
antibody has been raised against a supramolecular antigenic construct comprising an antigenic
peptide cofresponding to the amino acid sequence of the S-amyloid peptide, Afxn. 35 and Afz.
40, Fespectively, modified with & hjdrophiiic moiety such as, foi‘ example, polyethylene giycol
(PBG), wherein said hydrophilic moiety is covalently bound to each terminus through an
amino acid such as, for example, lysine or any other suitable amino acid or amino acid
analogue capable of serving as a linker molecule. The disclosure further relates to an Af epitope which
binds to the monoclonal antibody ACI-11-Ab-9. The disclosure further relates to an Ap epitope which
binds to the monoclonal antibody ACI-12-Ab-11. In one example, the antibody according to the
disclosure and as described herein, particulariy a monoclonal
antibody incliding any functionally equivalent antibody or functional parts thereof is capable
of decreasing the total amount of soluble Af in the brain of a subject, particularly 2 mammal,
but especially a human suffering from a disease or condition agsociated with increased
concentrations of soluble AS in the brain.

In another example, an antibody according to the disclosure and as described herein is
capable of disrupting plagues thus decreasing the plaque load in the brain of a subject,
particularly 2 mammal, but especially a human suffering from & disease or condition
associated with an increased plague load in the brain.

In another example, an antibody according to the disclosure and as described herein is
capable of solubilizing plagues associated with a reduction of the amount of plaques in the
brain of a subject, particularly a mammal, but especially a burnan suffering from a disease or
condition associated with an increased plague load in the brain.

It is another object of the present disclosure to provide methods and compositions comprising an
antibody according to the disclosure and as described herein for the prevention
and/or therapeutic treatment and/or alleviation of the effects of diseasss and disorders in a
subject in need thereof which are caused by or associated with amyloid or amyloid-like
proteins including but nﬁt limited to, amyloidosis {a group of diseases and disorders
associated with amyloid plague formarion including secondary amyloidosis and age-reiated
amyloidosis such as diseases inciuding, but not limited to, neumiogicai disorders such as

Alzheimer’s Disease (AD), diseases or condittoms characterized by a loss of cognitive
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memory cagacity such as, for example, mild cognitive impairment (MCI), Lewy body
dementia, Down's éynd"rbme, hereditary cerebral hemorrhage with amyloidosis (Dutch type);
the Guam Parkinson-Dementia complex; as well as other diseases and conditions which are
based on or associated with amyloid-like proteins such as progressive supranuclear palsy,
multiple sclerosis; Creutzfeld Jacob disease, Parkinson's dis.sase, HIV-related dementia, ALS
(amyotropié lateral sclerosis), inclusion-body myositis (IBM), Adult Onset Diabetes; and
senile cardiac amyloidosis); endocrine tumoré, a;id macular degeneration, for example, by
passively immunizing a subject, including a marmmal or a human, with an antibody according
to the disclosure and as described herein before. |
Tn a specific example, the monoclonal antibody of these methods is
ACI-24-Ab-3 having the polypeptide sequences SEQ ID NOs: 7-8 or a functional part thereof
as described herein. |
In another specﬁic example, the monoclonal antibody of these methods

is ACI-11-Ab-9 having the polypeptide sequences SEQ ID NOs: 17 18 or ACI- 12—Ab—11
having the polypeptide sequences SEQ ID NO: 9-10, respectively, or a functional part thereof

as described herein.

In a fourth aspect, there is provided a therapeﬁtic composition comprising the antibody or
the epitope-binding fragment thereof according to the invention in a therapeutically effective

arnount.
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The disclosure further relates to a therapeutic composition comprising an antibody as
described herein, particularly & monocional antibody including any functionally sguivalent
antibody or functional parts thereof, in 2 therapeutically sffective amount.

In one example, the pharmaceutical composition further comprises a
pharmaceutically acceptable carnier, particularly in a therapeutically effective amount.

In one example, the disclosure provides a composition as described herein for use

in the treatment of diseases and disorders which are caused by or associated with arnyloid o
amyloid-like proteins including, but not limited to, amyioidosis, tumors, apd macular
degeneration.

In a specific example, the monoclonal antibody used is ACI-24-
Ab-3 having the polypapnde $2quences SEQ D NO: 7-8 or a functional part thercof as -
described herein.

In another specific example, the monoclona} antibody used is

selected from monoclonal antibody ACI-11-Ab-9 having the polypeptide: ssqucnccs SEQ DD

NQz: 17-18 and monocional antibody ACIL-12-Ab-11 having the polypeptide sequences SEQ
ID NO: 18-20 or a functional part thereof as described herein.

An antibody according to the disclosure, particulaﬂy a monoclonal antibody inchnding

any functionally c@uivaisnt antibody or functional parts thersof may be administered in
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combination with other biologically active substances or other treatment procedures for the
treatment of diseases.” The other biologically active substances may be part of the same
composition already comprising an antibody according to the disclosure, in the form of'a

miﬁcturc, wherein the antiquy and the other biologically active substance are intermixed in or
with the same pharmaceutically acceptable solvent and/or cﬁn’iar 6r the antibody and the other
biologically active substance may be provided separately as part of a separate composition,
which zhay be offered separatﬁ:iy or together in the form of & kit of parts. '

The antibody, part;cularly the monoclonal antibody according to the disclosure
including any functionally equivalent antibody or functional parts therﬂof may be
administered to a subject in need thereof at the same time with the other bxologmaﬁy active
substance or substances, intermittently or sequentially. For example, a monoclonal antibody
according to the disclosure including any functionatly equivalent antibody or functional parts
thereof may be administered simultaneously with 2 first additional biologically active
substance or sequentizlly after or before administration of the antibody. If an _apphcation
scheme is chosen where more than one additional biologically active substance are
administere:d fogether with the at Jeast 6ne antibody according to thé disclosure, the
compounds or substances may partially be admimstered sirnuitaneously, pariially sequentially
In various combinations.

In one example, the disclosure relates to a composition comprising an antibody as
described herein, particularly a monoclonal antibody including any functionally equivalent
antibody or functional parts thereof in a therapeutically effective amount ané a furth
biologically active substance or compound, particularly a compound used in the medication of
Jiseases and disorders which are caused by or associated with amyloid or amyloid-like
protéins including, but not Hmited to, amyloidosis, endocrine tumors, and macular
degeneration and/or a pharmaceutically acceptable carrier and/or a diluent and/or an
excipient.

In one example, a compositioxi is provided according to the disciosure and as
described berein comprising an antibody as described hersin, particularly 2 monoclonal
antibody including any functiomally equivalent antibody or functional parts thereof, and
further comprising at Jeast one compound selected from the group consisting of compounds
against oxidative stress, anti-apoptotic compounds, metal chelators, inhibitors of DNA repair
such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS), 13-
propanedisulfonate (1,3PDS}, secretase activarors, - and v-secretase inhibitors, tau proteins,

peurotransmitter, S-sheet breakers, anti-inflammatory molecules, or cholinesterase mhibitors
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(ChEls) such as tacrine, rivastigmine, donepezil, and/or galantamine and other drugs and
nutritive supplements, and, optionally, a pharmaceutically acceptable carrier and/or a diluent
and/or an excipient.

In a specific exampie, the disclosure provides a composition comprising an
antibody as described herein, particularly 2 monoclonal antibody, including any functionally
equivalent antibody or functional parts thereof, further comprising at least one compound is a
cholinesterase inhibitor (ChEls). | '

In a specific example, the disclosure provides a composition comprising an
antibody as described herein, particularly a monoclonal antibody, including any functionally
equivalent antibody or functional parts thereof, further comprising at least one additional
compound selected from the group consisting of tacrime, rivastigmine, doneﬁczﬂ,
galantamine, niaf;in and memantine,

In still another:example compositions are provided comprising an
antibody as described herein, particularly a monoclonal antibody, inciuding any functionally
equivalent antibody or functional parts thereof, further comprising at least one “atypical
anﬁpéychotic” such as, for example c}ozapiné, ziprasidone, rispendone, aripiprazole or
olanzapine for the treatment of positive and negative psychotic symptoms including
hallucinations, deiuSions, thought disorders (manifeéted by marked mcoherence, derailment,
tangentiality), and bizarre or disorganized behavior, as well as anhedonia, flattened affect,
apathy, and social withdrawal, and, optionally, further comprising a phanmaceuticaliy
acceptable carrier and/or a diluent and/or an excipient.

Other compounds that can be suitably wsed in compositions in combination with an
antibody according fo the present disclosure, ihcludﬁng any functionally equivalent antibody or
functional parts thereof, are, for example, described in WO 2004/058258 (see especially pages
16 and 17) incinding therapeutic drug targets (page 36-39), alkaziesulfonﬁc acids and
alkanolsulfuric acids {pages 39-51), cholinesterase inhibitors {pages 51-56), NMDA receptor
antagonists (pages 56-58), estrogens (pages 58-39), non-steroidal anti-nflammmatory drugs
(pages 60-61), antioxidants (pages 61-62), peroxisome proiiferators-activated receptor
(PPAR) agonists (pages ©€3-67), cholesterol-lowering agents (pages 68-75); amyloid
inhibitors (pages 75-77), amyloid formation mhibitors (pages 77-78), meta] chelators {pages
78-79), anti-psychotics and anti-depressants (pages 80-82), mumtional supplements (pages §3-
89) and compounds increasing the availabiiity of bielogically active substances in the brain
(see pages 89-93) and prodrugs (pages 93 and 94 ), which document 1s incorporated herein by
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In partlcular, the composition according to the dlsclosure comprises the monoclonal
antibody andjor th» biologically actve substance including any functomally equivalent
antibody or functional parts thereof, in & thsrapeumally effective amount.

Tn one example, the disclosure rejates 10 2 method of producing an antibody as described
herein, particularly a monocﬁonal antibody including amy fuﬁctionaﬂy equivalent antbody or
functional parts thereof, which method comprises raising.in a suitable host orgamism an
antibody against a supramolecular antigenic construct comprising an anfigenic pepfide
cormresponding to the amino acid sequence of the B-amyloid peptide or a fragment thereof,
particularly of S-amyloid peptide ABy.;s, modified with hydrophobic moieties, partlcula:iy a
palmitic acid molety, or, in the alternative, particularly of B-ammyloid pepude A8 2.3 and AB
2640, respccuvciy, modified with hydrophilic moietes, particularly a polysthylens glycol
(PEG) moiety, Whercin said hydrophobic or hydrophilic moicﬁy is covalently bound to each
terminus through at 1 ast one, particularly one of two amino acids such ag, for example,
lysine, giutamic acid and cysteine or any other suitable amino acmd or amino acid analogue
capable of serving as a linker molecule; and isolating the anﬁbody
' When 2 hydrophilic moiety such as PEG 1s used, the selected fragment of the £-
amyloid peptide may be a fragment corresponding to the amino acid sequence AB 2.3 and AB
26405 rnspecﬁveiy, and the free PEG termini may be covaienﬂy bonnd to
phospbatidylethanolamine ‘or any other campound suitable to function as the anchoring
element, for example, to embed the antigenic construct in the bilayer of 2 hiposome.

In one example, the disclosure relates to the use of an antibody according to the
invention and as described herein, parficularly 2 mdno'clcmal antibody incloding any
funciopally eguivalent anfibody or functional parts thereof and/or of a pharmaceutical
composition according to the disclosure and as described herein, or of a mixture according fo
disclosure and as described herein, particularly a monoclonal antibody including any
alleviating the effects of diseases and disorders in 2 subject in nesd thersof which are caused
by or associated with amyloid or amyloid-like proteins imcluding, but not limited 1o,
amyioidosis, enfocrine fmors, and macular degeneranion.

In one example, the disclosure relates t©o a method for the preparation of a pharmaceutical
composition or of a mixture according to the disclosure and as described herein using an antibody
according to the disclosure and as described herein, paﬁicularly a |
monocional antibpdy ncluding any functionally equivalent aptibody or functional parts

thereof for use in treating or alleviating the effects of diseases and disorders in & subject in
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Wneed thereof which are caused by or associated with amyloid or amyioid-iike _proteins
including, but not limited to, amyloidosis, endocrine tumors, and macular degeneration.
In one example, the disclosure provides a method for the preparation of a

- medicament using an antibody; particularly a monoclional antibody including any functionally
equivalent antibody or functional parts thereof, a pharmaéeuﬁcai composition or & muxfure -
according to the disclosure and as described herein, for preventing, treating or alleviating the
effects of diseases and disorders in a subject in need thereof which are caused by or associated
with amyloid or amyloid-like proteins including, but not limited to, amyloidosis, endocrine
tumors, and macular degeneration.

In a specific example, the disclosure relates to a method for the preparation of a
pharmaceutical composition using particularly an anfibody according to the invention and as
described herein, particularly a monoclonal antibody including any functionally equivalent
antibody or functibnal parts thereof, comprsing formulating said antibody in a
pharmaceutically accepta?ble form, pariicularly such that the antibody is compnsed m the
composition in a therapeutically effective amount. _

Tn one example, a method is provided for reducing the plaque load in the
brain of a subject, particularly 2 mammal, but especially a humar suffering from a dissase or
condition associated with an increased plague load in the brain comprising administering o a
subject, particularly a mammal, more particularty 2 human in need of such a eatment, a
therapeutically effective arount of an antibody, particularly a monocional antibody including
any functionally equivalent antibody or functional parts thereof, or 2 composition or a mixture

according to the disclosure and as described herein before.
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In a fifth aspect, there is provided a cell line characterized m that it produces the

monoclonal antibody or the epitope-binding fragment thereof according to the invention.

In a sixth aspect, there is provided a method of diagnosis of or of diagnosing a

predisposition to an amyloid-associated _diseaés or condition in a patient comprising detecting the

immunospecific binding of an antibody or an epitope-binding fragment thereof to an epitope of

the amyloid protein in a sample that has been obtained from the patient which includes the steps

of
(a)

(&

(©)
d

bringing a sample that has been obtained from the patient suspected to contain the
amyloid' protein into contact with the monoclonal antibody or the epifope-binding

fragment thereof according to the invention;

allowing the antibody or the epitope-binding fragment thereof to bind to the

amyloid protein 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 or absence of amyloid protein in the sample.

In a scventh aspect, there is provided a method of determining the extent of

amyloidogenic plaque burden in a tissue of a subject comprising

.

testing a sample that has been obtained from the subject under investigation for the
presence of amyloid protein with the antibody or the epitope-binding fragment
thereof according to the invention, wherein said sample is representative of the
tissue of the subject; '
determining the amount of antibody bound to the antigen; and

calculating the plague burden in the tissue of the subject.
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In an eighth aspect, there is provided 2 method for monitoring minimal residual disease in

a subject , wherein said method comprises:

a.

e.

bringing a sample that has been obtained from the subject suspected to contain the
amyloid protein into contact with the antibddy or the epitope-binding fragment -
thereof according to the invention; '

allowing'the antibody or the epitope-binding fragment thereof to bind to the
amyloid pro%éin to form an immunological complex; ’
detecting the formation of the immunological complex;
correlating the presence or absence of the immunological complex with the _
presence or absence of amyloid protein in the sampl_é or specific body part or area;

and

comparing the amount of said immunological complex to a normal contro] value,

wherein an‘increase in the amount of said aggregate compared to a normal control value

indicates that said subject still suffers from a minimal residual disease.

In 2 minth aspect, there is provided a method for predicting responsiveness of a subject to

treatment with the antibody or the epitope-binding fragment thereof of the invention, comprising

a.

bringing a sample that has been obtained from the subject suspected to contain the
amyloid protein into contact with the antibody or the epitope-binding fragment
thereof according to.the invention;

allowing the antibody or the epitope-binding fragment thereof to bind to the
amyloid protein-to form an immunological complex;

detecting the formation of the immunological complex;

correlating the presence or absence of the immunological complex with the
presence or absence of amyloid protein in the sample; and

comparing the amount of said immunological complex before and after onset of

the treatment,

wherein a decrease in the amount of said aggregaie indicates that said subject has a high potential

of being responsive to the treatment.

39



Tn a specific example, the monoclonal antibody used in these methods is
ACI-24-Ab-3 having the polypeptide sequences SEQ ID NOs: 7-8 or a functional part ihsrcof
25 described hersin. n particular, the monocional antibody is produced by the hyvbridoma
EJ1A9, deposited on May 25, 2007 as DSM ACC2844,
In a further specific example, the monoclonal antibody used in these

methods is the monocional antivody selected from the group of antibodies comprising ACI-
11-Ab-$ having the polypeptide sequences SEQ ID NOs: 17-18 and ACIL-12-A5-11 having
the polypephde sequences SEQ ID NO: 1%-20 or & functional part thereof as ﬂescz'i’é:ad hersin,
In particular, the monocional antbody is produced by the hybridoma FGIFIE4, deposited on
May 25, 2007 as DSM ACC2845, or the hybridoma FK2AGAG, deposited on May 23, .:2007 as
DSM ACC2846.

3%¢c



In particular, the plague load is rednced by at least 20 %, particularly by at leasi; 25%,
more partiﬁularly By atieast 30%, even more particularly by more than 30%.

In another example, a method is provided for reducing the amount of
plagues in the brain of 2 subject, particularly a mammal, but especially a human suffering
from a disease or condition associated with an increased plague Ioad in the brain comprising
administering to a subject, particularly a mammal, more particularly a human in need of such
a treatrnent, a therapeutically effective amount of an antibody, particularly a monocional

antibody including any functionally equivalent antibody or functional parts thereof, or &
composiﬁom or a mixture according to the disclosure and as described herein before.

In a specific example, the monoclonal antibody used in such methods is '
ACI-24-Ab-3 having the polypeptide sequences SEQ‘ID NOs: 7-8 or a functional part thereof
as described herein. In particular, the monoclonal antibody is produced by the hybndoma
EJ1A9, deposited on May 25, 2007 2s DSM ACC2844. -

In a further specific example, the monoclonal antibody used in these
methods is the monoclonal antibody selected from the group of antibodies comprising ACI-
11-Ab-9 having the polypeptide sequences-SEQ ID NOs: 17-18 and ACI-12-Ab-11 having
the polypeptide sequences SEQ ID NO: 19-20 or a functional part thereof as described herein.
In particular, the saonoclonal antibody is produced by the hybridoma FG1F9E4, deposited on
May 25, 2007 as DSM ACC?2845, or the hybridoma FK2A6A6, deposited on May 25, 2067 as
DSM ACC2846. _

In particular, the amount of plagues in the brain is reduced by at least 10 %,
particularly by at least 15%, more particularly by more than 15%. h |
In still another example, a method is proﬁded for decreasing the total

amount of soluble Af in the brain of a subject, particularly a mamnmal, but especially a human
suffering from a disease or condition associated with increased concentrations of soluble Af
in the brain comprising administering to a subject, particularly a mammal, more particularly &
human in need of such a treatment, a therapeutically effective amount of an.antibody,
particularly 2 monociopal entibody including any functionally equivalent antibody or
functional parts thereof , or & composiﬂon or a mixture according to the disclosure and as
described herein.

In a specific example, the monoclonal antibody of these methods is
ACI-24-Ab-3 having the polypeptide sequences SEQ ID NOs: 7-8 ora functiopal part thereof
as described herein. In particular, the monoclonal antibody is ;.:ro.duced by the hybridoma
EJ1AS, deposited on May 25,2007 as DSM ACC2844.
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Tn a further specific example, the monoclonal antibody used in these
methods is the monoclonal antibody selected from the group of antibodies comprising ACI-
11-Ab-9 having the polypeptde seqﬁences SEQ ID NOs: 17-18 and ACI-12-Ab-11 having
the polypeptide sequences SEQ ID NO: 19-20 or a functional part thereof as described herein,
In particular, the monoclonal antibody is produced by the Hyhridoma F(G1F9E4, deposited on
May 23, 2007 as DSM ACC2845, or the hybridoma FK2A6A6, deposited on May 25,2007 as
DSM ACC2846. |
In still another example, a method is provided for preventing, treating or
alleviating the effects of diseas.es and disorders in a subject in need thereof caus‘ec} by or
essociated with amyloid or amyloid-like proteirs including, but not limited to, amyi&idosis,
endocrine tumors, and macular degeneration in an animal, mammal, or a buman affected by
such a disorder by, administering a therapeutically effective amount of an antibody,
p.articuiarly a monéclonal antibody, including any functiomally equivalent antibody or
functional parts thereof, ora ‘composiﬁon or a mixture according to the disciosure and as
described berein fo a subject, particularly 2 mammal, more particularly a human in need of
such a treatment. ‘ _
Tn still another example, a method is provided for retaining or increasing

. cognitive memory capacity in a mammal exhibiting an amyloid-associated disease or
condition comprising administering to an animal, particularly 2 mammal, more particularly a
numan in need of such a treatment, 2 therapeutically effective amount of an antibody,
particniarly a monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, or a composition or a mixfure according to the disclosure or as
described herein before,

In one example, the disclosure relates to a hybridoma cell line characterized in that it produces a

monoclonal antibody according to the disclosure or as described herein before.

In particular, the disclosure relates to a hybridoma cell line characterized in that it

produces 2 monoclonal aptibody which antibody has the charactenistic properties of an
antibody produced by hybridoma EJ1A9, deposited on May 25, 2007 and given deposit
number DSM ACC2844. ' '
In a specific example, hybridoma cell line EI1A9, deposited on
May 25, 2007 and given deposit number DSM ACC2844 is provided.

Tn particular, the disclosure relates to 2 hybridoma cell line characterized in that it
produces a monoclonal antibody which autibody has the charactenstic properties of an
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antibody pxpducsd by hybridoma FG1FSE4, deposited on May 25, 2007 as DSM ACC2845,
or hybridoma FK2A6A6, deposited on May 25, 2007 as DSM ACC2846.

In a specific example, hybridoma cell line FG1F9E4, deposited on
May 235, 2007 as DSM ACC2843 is provided.

n another specific example, hybridoma cell ine FK2AGAG,
deposited on May 25, 2007 as DSM ACC2846 is provided.

 Inone example, the disclosure relates to a method of diagnosis of an amyloid-

agsociated disease or condition in & subject compnsing detecting the immumospecific binding
of an antibody 25 described herein, particularly a monoclonal antibody incluéing any
functionally equivaleﬁt antibody or functional parts thereof, to an epitope of the s;nyioid
protein in a sample or i situ which inciudes the steps of

(2)  bringing the sample or a specific body part or body area of the subject
suspected o contain.’ the amyioid protein info contact with an antibody according 10 the
invention, which antibody binds a conformational epitope of the amyloid protein;

(b)  allowing the antibody to bind to the amyloid protein to form an immunologic
compiex; |

() detecting the formation of the immunologic. complex, particularly suck that
presence or absence of the immunologic corplex correlates with presence or absence of
amyloid protein; and

(d)  correlating the presence or absence of the immunologic complex with the
presence or absence of amyloid protein in the sample or specific body part or area of the
subject.

In a specific example the composition of step (a) comprises a combination of _
antibodies for the treatment of said subject,

In one example, a method of determining the extent of amyloidogenic plaque
burden in 2 fissue of a subject in need thereof is provided comprising

(z)  obtaining a sample representative of the fissue of the subject under
investigation,;

(b)  testing said sample for the presence of amyloid plague with an antibody
according to the invention and as described herein, particularly a monoclonal antibody
including apy functionpally equivalent antibody or functional parts thereof;

{¢)  determining the amount of antibody bound to the sample, particularly such that
presence or absence of the imumumologic complex correlates with presence or absence of

amyloid plague; and
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(dy  calculating the plague burden in the tissue of the subject.

In one example, a method for diagnosing a predlsposﬁmn to an amyloid-
associated disease or conaztlon in a subject is provided comprising detecting the Spcciﬁc
bmdmg of an antibody as described herzin, particularly a monoclonal antibody including any

functionally equivalent antbody or functional parts therbof to an epitope of the amyioid
proteir. in a sample or in sifu which includes the steps of

(2) bringing the sample or 2 specific body part or body arca of the subjest
suspected 1o contain the amvylioid pro'teiﬁ into contact with the antibody, wherein the antibody
binds a conformational epitope of the amyloid protein; '

)] allowing the antibody to bind to any amyloid protem in the sampie 10 form an
immunologic complex;

(c) detectmv the formation of the immunologic complex;

(d) correlating tbe presemce or absence of the immunologic complex with the
presence or absence of amyloid protein in the sample or specific body part or arez of the
subject; and \

(¢)  comparing the amount of said immunologic complex to a normal control value,

wherein an increase in the amount of said complex compared 1o -z normal control
value indicates that said patient is suffering from or is at risk of developing an amyloid-
associated disease or condinion.

T one example, a method is provided for monitoring minimal residual disease in a
subject following treatment with an antibody or composition according to the disclosure,
wherein said method COmPprises: | |

(&)  bringing the sample or a Sp"‘C.IﬁC body part or body area of the subject
suspected to contain the amyloid protein into contact with an antibody according to the
disclosure and as described herein, particularly a monoclonal antibody including any
functionally eguivalent .antibody or functiopal parts thereof, which antibody binds &
conformational epitope of the amyloid proteln;

(b)  aliowing the antibody to ‘bind to the amyloid protein to form an immunologic
complex;

(c) dcteutmg the formation of the immunologic complex;

(d)  comrelating the presence oOF absence of the immunologic complex with the
presence or absence of amyloid protein in the sample or specific body part or arca of the
subject; and

(¢)  comparing the amount of said immunologic complex to a normal control vahe,
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wherein an increase in the amount of said complex compared to a normal control

value indicates that said subjéét still suffers ffom & minimal residual dissase. |

In a specific example the composition of step (a) comprises a combination of
antibodies for the treatment of said subject. )

In one example, a meﬂ;od 1§ provided for predicting respénsiveness of 2 subject
being treated with an antibody or a composition according to the disclosure comprising

“(a) bringing the sample or a specific boc’iy.:fsé.rt or body area suspected {0 contain

the amyloid protein into contact with an antibody according to the disclosure and as described
berein, particularly &2 monoclonal antibody including any functionally equivalent anti.Pody or
functional parts thereof, which antibody binds an conformational epitope of the amyloid
_ protein; | '
(b) = aliowing the antibody to bind to the amyioid antigen to form an immunologic
complcx;. | | - . S |

(c)  detescting the fdrm.ation of the immunologic complex;

(d)  comelating the presence or absence of the immnunologic complex with the
presence or absence of amyloid protein in the sample or specific body part or area of the
subject; and '

(&) - comparing the amount of said immunologic complex before and after onset of
the treatment, i

wherein 2 decrease In the amount of said immunologic complex indicates thaf said -

' subj ect has a2 high potential of being responsive to the wreatment.
In a specific example the composition of step (a) comprises a combination of

antibodies for the treatment of said subject.



In a tenth aspect, there is provided a test kit comprising the monoclonal antibody or the

epitope-binding fragment thereof of the invention.

In an eleventh aspect, there is provided the use of the antibody of the invention in the
preparation of a medicament for treating diseases and disorders which are caused by or

associated with amyloid or amyloid-like proteins including amyloidosis.,

In a twelfth aspec{, there is provided the use of the antibody of the invention in the
preparation of a medicament for treating or alleviating the effects of diseases and disorders
which are caused by or associated with amyloid or amyloid-like proteins including amyloidosis,
neurological disorders such as Aizheimer’s Disease (AD) and diseases 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 type); the Guam Parkinson-Dementia complex; and other diseases
which are based or or associated with amyloid-like proteins such as progressive supranuclear
palsy, multiple sclerosis; Creutzfeld Jacob disease, Parkinson’s disease, HlV-related dementia,
ALS (amyotropic lateral sclerosis), inclusion-body myositis (IBM), Adult Onset Diabetes; senile

cardiac amyloidosis; endocrine tamors, and macular degeneration n a subject.

In a thirteenth aspect, there is provided the use of the antibody of the invention in the
preparation of 2 medicament for reducing the plague load in the brain of a subject suffering from

a disease or condition associated with an increased plaque load in the brain.

In 2 fourteenth aspect, there is provided the use of the antibody of the invention in the
preparation of a medicament for reducing the amount of plaques in the brain of a subject

suffering from a disease or condition associated with an increased plagque load in the brain.

In a fifteenth aspect, there is provided the use of the antibody of the invention in the
preparation of 2 medicament for decreasing the total amount of soluble AP in the brain of a

subject suffering from a disease or condition associated with increased concentrations of soluble

AP in the brain.
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In a sixteenth aspect, there is provided the use of the antibody of the invention in the
preparation of a medicament for retaining or increasing cognitive memory capacity in a subject

exhibiting an amyloid-associated disease or condition.

In a seventeenth aspect, there is provided a method for producing an antibody capéble of
Speciﬁcélly binding beta amyloid, comprising the step of culturing the cell line according to the

¥

invention.

In one example, the disclosure relates to a test kit for the detection and diagnosts of
amyloid-associaied discases and conditions in 2 subject in need thersof comprising an
antibody according to the imvention and as- described hersin, particularly a monoclonal
antibody including amy functionally equivalent antibody or funciional parts thereof and
instructions for using the antibody for the purpose of binding to amyldid protein to form an
immunologic complex and detecting the formation of the mmmunologic complex such that
presence or absence of the immunologic complex correlates with presence or absence of
amyloid protein.

- These and other ijecté:, features and advantages of the present invention will become
apparent after a review of the-following detailed deséxiption of the disclosed embodiment and

the appended claims.

44b



WO 2008/156621 PCT/USZO08/607317

BRIEF DESCRIPTION OF FIGURES AND SEQUENCES

Figure 1 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-24-Ab-3 performed by ELISA using a peptide iibrary of overlapping peptides
covering the complete amino acid sequence of A8 1-42. Binding to the complete A8 1-42 was
used as positive control. All other peptides were 8-10 aa long. The peptide number

coresponds to the aa in the AS 1-42 sequence on which the peptide starts. Results are

expressed as O.D.

Figure 2 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-24-Ab-3 performed by ELISA using longer peptides covering A8 1-28, 17-40,
1-40, 1-42A (Anaspec), or 1-42B (Bachem) Results are expressed as O.D., after subtraction of
the background. Results show the mean =1 standard error of 2 independent experiments.

Figure 3 depicts the ACI-24-Ab-3-mediated inhibition of AfB1-42 aggregation at a
1:100 and 1:10 antibody to AS81-42 molar ratio. Results show mean + 1 standard error of 2
independent experiments.

Figure 4 depicts theACI-24-Ab-3-mediated disaggregation of pre-aggregated AG1-42
ata 1:100 and 1:10 antibody to AB1-42 molar ratio. Results show mean # 1 standard error of
2 independent experiments.

Figure 5 depicts the binding of the ACI-24-Ab-3 antibody to high molecular weight
(HMW) proto-fibrillar (PF) oligomer enriched and low molecular weight (LMW) monomeric
preparations of the AB1-42 peptide.

Figure 6 depicts the binding of the 6E10 control antibody to high molecular weight
(HMW) proto-fibrillar (PF) oligomer enriched proto-fibrillar and low molecular weight
(LMW) monomeric preparations of the AP1-42 peptide.

Figure 7 depicts the binding of ACI-24-Ab-3 antibody (A) and control antibody 6E10
(B) to monomers and oligomers of the AB1-42 peptide. The results are reported as mean (+
SEM) optical density (O.D.) values of three independent experiments.

Figure 8 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-11-Ab-9 performed by ELISA using a peptide library of overlapping peptides
covering the complete amino acid sequence of Af 1-42. Binding to the complete AS 1-42 was
used as positive control. All other peptides were 8-10 aa long. The pepuide number |
comresponds to the aa in the Af 1-42 sequence on which the peptide starts. Results are

expressed as O.D.
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Figure 9 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-11-Ab-9 performed by ELISA using longer peptides covering A8 1-28, 17-40,
1-40, 1-42A (Anaspec), or 1-42B (Bachem). Results are expressed as p.D., after subtraction
of the background. Results show the mean %1 standard error of 2 inde;pendent experiments.

Figure 10 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-12-Ab-11 performed by ELISA using a peptide library of overlapping peptides
covering the complete amino acid sequence of AB1-42. Binding to the complete Af 1-42 was
used as positive control. All other peptides were 8-10 aa long. The peptide number
corresponds to the aa in the AS 1-42 sequence on which the peptide starts. Results are
expressed as O.D.

Figure 11 shows the results of an epitope mapping study of the murine monoclonal
antibody ACI-11-Ab-9 performed by ELISA using longer peptide covering. A3 1-28, 17-40,
1-40, 1-42 A {Anaspec), or 1-42B (Bachem). Results are expressed as O.D., after subtraction
of the background. Results show the mean =1 standard error of 2 independent experiments.

Figure 12 depicts the ACI-11-Ab-9-mediated inhibition of A31-42 aggregation ata
1:100 and 1:10 antibody to AS1-42 molar ratio. Results show mean = 1 standard error of 2
independent experiments.

Figure 13 depicts the ACI-11-Ab-9-mediated disaggregation of pre-aggregated AS1-
42 at a 1:100 and 1:10 antibody to AS1-42 molar ratio. Results show mean = 1 standard error
of 3 independent experiments.

Figure 14 depicts the ACI-12-Ab-11-mediated inhibition of A31-42 aggregation at a
1:100 and 1:10 antibody to AS1-42 molar ratio. Results show mean + 1 standard error of 2
independent experiments,

Figure 15 depicts the ACI-12-Ab-11-mediated disaggregation of pre-aggregated AS1-
42 at a 1:100 and 1:10 antibody to AB1-42 molar ratio. Results show mean % 1 standard error
of 2 independent experiments.

Figure 16 depicts the binding of ACI-12-Ab-11 antibody (A) and control antibody
6E10 (B) to monomers and oligomers of the AB1-42 peptide. The results are reported as
mean (+ SEM) optical density (O.D.} values of three independent experiments.

Figure 17 schematically depicts steps in the ELISA assay that can be used to analyze
the binding of rhApoE4 to AB4-biotin.

Figure 18 represents the results obtained from development of an ELISA assay for
rhApoE4 to ABs-biotin binding. To optimize the concentrations of rhApoE4 and APq,-

biotin, dilutions of rhApoE4are tested with a constant concentration of ABs-biotin
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Figure 19 depicts the effect of excess of AB42-biotin on the binding of AB4-biotin
complexed to thApoE4 in the described ELISA assay.

Figure 20 depicts a sample determination of the optimal concentration of AB4-biotin
for the described ELISA assay.

Table 1.1 sets for the antibodies and antigenic constructs used for raising certain
antibodies described herein.

Table 1.2 Binding of AS peptides to ACI-24-Ab-3. Results are expressed as O.D.
after background subtraction.

Table 1.3 Binding of ACI-24-Ab-3 to 33 overlapping peptides of AS 1-42 as analyzed
by ELISA. Binding to the complete A 1-42 was used as positive control. All other peptides
were 8-10 aa long. The peptide number corresponds to the aa in the Af 1-42 sequence on
which the peptide starts. Results are expressed as O.D.

Table 1.4 Binding of the ACI-24-Ab-3 (mouse EJ1A9) antibody to high molecular
weight (HMW) proto-fibrillar (PF) oligomer enriched and low molecular weight (LMW)
monomeric preparations of the A{J1-42 peptide.

Table 1.5 Binding of the 6E10 control antibody to proto-fibrillar and LMW high
molecular weight (HMW) proto-fibrillar (PF) oligomer enriched and low molecular weight
(LMW) monomeric preparations of the AB1-42 peptide.

Table 1.6 Binding of the ACI-24-Ab-3 (mouse EJ1A9) antibody to monomers and
oligomers of the AB1-42 peptide. Results are expressed as O.D. values.

Table 1.7 Binding of the 6E10 control -antibody to monomers and oligomers of the
AB1-42 peptide. Results are expressed as O.D. values.

Table 2.1 sets forth the antibodies and- antigenic constructs used for raising certain
antibodies described herein.

Table 2.2 Binding of Af peptides to ACI-11-Ab-9 and ACI-12-Ab-11. Results are
expressed as O.D. after background subtraction.

Table 2.3 Binding of ACI-11-Ab-9 and ACI-12-Ab-11 to 33 overlapping peptides of
AB 1-42 as analyzed by ELISA. Binding to the complete AS 1-42 was used as positive
control. All other peptides were 8-10 aa long. The peptide number corresponds to the aa in
the AB 1-42 sequence on which the peptide starts. Results are expressed as O.D.

Table 2.4 Binding of the ACI-12-Ab-11 (clone FK2A6A6) antibody to monomers and
oligomers of the Af§1-42 peptide. Results are expressed as O.D. values.

Table 2.5 Binding of the 6E10 control antibody to monomers and oligomers of the
AR1-42 peptide. Results are expressed as 0.D. values.
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SEQ ID NO: 1:
SEQ ID NO: 2:

SEQ ID NO:

3

SEQ ID NO: 4:
SEQ ID NO: §
SEQ ID NO 6
SEQ ID NO: 7

sequence of ACI-24-Ab-3,
SEQ ID NO:
sequence of ACI-24-Ab-3.

8

SEQIDNO: 9

SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:
SEQ ID NO:

SEQ ID NO:

SEQ ID NO:

10
11
12
13
14
15

16

Antigenic peptide Al 5335
Antigenic peptide AB 240
AB peptide fragmeni Af ;.23
Al peptide fragment AS 740
Al peptide fragment AS 1.0
AR peptide fragment AS 142

PCT/USZ008/007317

Amino Acid sequence of the light chain variable domain

Amino Acid sequence of the heavy chain variable domain

Amino Acid sequence of the light chain CDR1
Amino Acid sequence of the light chain CDR2
Amino Acid sequence of the light chain CDR3
Amino Acid sequence of the heavy chain CDR1
Amino Acid sequence of the heavy chain CDR2
Amino Acid sequence of the heavy chain CDR3

Polynucleotide sequence encoding the light chain variable
domain sequence ACI-24-Ab-3.

Polynucleotide sequence encoding the heavy chain variable

domain sequence of ACI-24-Ab-3.

SEQ ID NO:
sequence of ACI-11-Ab-9.
SEQ ID NO:
sequence of ACI-11-Ab-9

17

18

SEQ ID NO: 19

sequence of ACI-12-Ab-11.

SEQ ID NO: 20

sequence of ACI-12-Ab-11.

SEQ ID NO: 21
SEQ ID NO: 22
SEQ ID NO: 23
SEQ ID NO: 24
SEQ ID NO: 25
SEQ ID NO: 26

Amino Acid sequence of the light chain variable domain

Amino Acid sequence of the heavy chain variable domain

Amino Acid sequence of the light chain vanable domain

Amino Acid sequence of the heavy chain variable domain

Amino Acid sequence of the light chain CDR1
Amino Acid sequence of the light chain CDR2
Amino Acid sequence of the light chain CDR3
Amino Acid sequence of the heavy chain CDR1
Amino Acid sequence of the heavy chain CDR2
Amino Acid sequence of the heavy chain CDR3
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SEQ ID NO: 27 Polynucleotide sequence encoding the light chain variable
domain sequence of ACI-11-Ab-9, .

SEQ ID NO: 28 Polynucleotide sequence encoding the heavy chain vanable
domain sequence of ACI-11-Ab-9.,

SEQ ID NO: 29 Polynucleotide sequence encoding the light chain variable
domain sequence of ACI-12-Ab-11.

SEQ ID NO: 30 Polynucleotide sequence encoding the light chain variable
domain sequence of ACI-12-Ab-11.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

The terms “polypeptide”, “peptide”, and “protein”, as used herein, are interchangeable
and are defined to mean a biomolecule composed of amino acids linked by a peptide bond.

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 techniques for
detection of biologic molecules such as immunochemical or histological methods and refer to
qualitatively or quantitatively determining the presence or concentration of the biomolecule
under investigation.

“Amyloid 8, AB or B-amyloid” is an art recognized term and refer to amyloid 8
proteins and peptides, amyloid 3 precursor protein (APP), as well as modifications, fragments
and any functional equivalents thereof. As used herein, amyloid 8 refers to any fragment
produced by proteolytic cleavage of APP but especially those fragments which are involved in
or associated with the amyloid pathologies including, but not limited to, AB;.35, AB1-3s, AB140,
ABy.ay ABraz and ABa3 .

The structure and sequences of the amyloid 8 peptides as mentioned above are well
known to those of ordinary skill 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, Biochem Biophys Res Comm 129, 885-890 (1984). Moreover, amyloid 3 peptides are
also commercially available in various forms.

“AB Fibril” or “Af Filament” or “amyloid fibrils” or “proto-fibrils” are polymeric

forms of monomeric protein forming individual or bundled fibers with constant fiber diameter
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which are insoluble in aqueous medium and contain large amounts of a cross- § structure in
their core; mostly with beta-strands perpendicular to the fibril axis.

“Monomeric AF” or “AS monomer” are completely solubilized amyloid §8 protein
without aggregated complexes in aqueous medium.

“Proto-fibrils” or “proto-fibrilar preparation” as used herein refers to higher molecular
weight fractions of polymerica A amyloid peptides, which are enriched with soluble amyloid
Af oligomers.

“Polymeric soluble amyloid” and “oligomeric amyloid peptides AS” and “Af
oligomer” are used interchangeably herein and refer to multiple aggregated monomers of
amyloid 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 both in vitro in aqueous medium and in vivo in the mammalian or human body more
particularly in the brain, but particularly refer to multiple aggregated monomers of amyloid
peptides or of modified or truncated amyloid peptides or of derivatives thereof, which are
soluble in the mammalian or human body more particularly in the brain.

“Polymeric soluble amyloid A peptides” and “oligomeric amyloid AS peptides” and
“Af oligomer” are used interchangeabiy herein and refers to multiple aggregated monomers
of amyloid A peptides, or of modified or truncated amyloid A{ peptides or of other denivates
of amyloid AS peptides forming oligomeric or polymeric structures which are soluble both in
vitro in aqueous medium and in vive in the mammalian or human body more particularly in
the brain, but particularly to multiple aggregated monomers of amyloid 8 (AB) or of modified
or truncated amyloid § (AfS) peptides or of derivatives thereof, which are soluble in the
mammalian or human body more particularly in the brain.

With respect to a monoclonal antibody including any functionally equivalent antibody
or functional parts thereof, which antibody binds to A8 monomeric peptide 1-40 particularly
to AS monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AS1-42 monomeric peptides but shows a substantially weaker
binding to A monomeric peptide 1-28 and an intermediated binding to monomeric peptide 1-
42 and essentially no binding to A monomeric peptide 17-40; by a “substantially weaker
binding” a binding is meant, which is at least about 80%, particularly at least about 85%,
more particularly at Jeast about 90% but especially at least about 95% less than the binding to
Af monomeric peptide 1-40.

With respect to a monoclonal antibody including any functionally equivalent antibody

or functional parts thereof, which antibody binds to A8 monomeric peptide 1-42 and
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polymeric soluble A8 peptides comprising a plurality of ABi4, monomeric peptides and Af
fibrils or fibers incorporating a plurality of said polymeric peptides, but shows a substantially
weaker binding to A monomeric peptide 1-28 and essentially no binding to Af monomieric
peptide 17-40, by a “substantially weaker binding” a binding is meant, which is at least about
60%, particularly at least about 65%, more particularly at least about 70%, even more
particularly at least about 80%, but especially at least about 90% and up to 100% less than the
binding to A8 monomeric peptide 1-42.

With respect to a monoclonal antibody including any functionally equivalent antibody
or functional parts thereof, which antibody binds to AS monomeric peptide 1-40 particularly
to A8 monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AB81-42 monomeric peptides but shows a substantially weaker
binding to AS monomeric peptide 1-28 and an intermediated binding to monomeric peptide 1-
42 and essentially no binding to A monomeric peptide 17-40; by an “intermediate binding” a
binding is meant, which is at least about 60%, particularly at least about 65%, more
particularly at least about 70%, even more particularly at least about 80%, less than the
binding to A8 monomeric peptide 1-40.

With respect to a monoclonal antibody including any functionally equivalent antibody
or functional parts thereof, which antibody binds to'AB monomeric peptide 1-40 particularly
to A8 monomeric peptide 1-40 and to soluble polymeric and/or oligomeric amyloid peptide
comprising a plurality of AB1-42 monomeric peptides but shows a substantially weaker
binding to AS monomeric peptide 1-28 and an intermediated binding to monomeric peptide 1-
42 and essentially no binding to A monomeric peptide 17-40; by “essentially no binding” a
binding is meant, which is at least about 95%, particularly at least about 98%, but especially
at least about 99% and up to 100% less than the binding to A monomeric peptide 1-40.

With respect to a monoclonal antibody inciuding any functionally equivalent antibody
or functional parts thereof, which antibody binds to A monomeric peptide 1-42 and
polymeric soluble AB peptides comprising a plurality of Af; 4, monomeric peptides and AS
fibrils or fibers incorporating a plurality of said polymeric peptides, but shows a substantially
weaker binding to Af monomeric peptide 1-28 and essentially no binding to A monomeric
peptide 17-40, by “essentially no binding” a binding is meant, which is at least about 85%,
particularly at least about 90%, more particularly at least about 95%, even more particularly at
least about 98%, but especially at least about 99% and up to 100% less than the binding to AS

monomeric peptide 1-42.
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The binding of the antibody according to the invention as described herein,
particularly a monoclonal antibody including any functionally equivalent antibody or
functional parts thereof, to Af monomeric peptides is determined by an ELISA-type assay,
particularly by an ELISA assay using biotinylated AZ monomeric peptides, but especially by
an ELISA assay as described in Examples 1.16 and 2.16 below.

By “isolated” is meant a biological molecule free from at least some of the
components with which it naturally occurs,

The language “diseases and disorders which are caused by or associated with amyloid
or amyloid-like proteins” includes, but is not limited to, diseases and disorders caused by the
presence or activity of amyloid-like proteins in monomeric, fibril, or polymeric state, or any
combination of the three. Such diseases and disorders include, but are not limited to,
amyloidosis, endocrine tumors, and macular degeneration.

The term “amyloidosis” refers to a group of diseases and disorders associated with
amyloid plague formation including, but not limited to, secondary amyloidosis 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 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
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, multipie
sclerosis; Creutzfeld Jacob disease, Parkinson's disease, HIV-related dementia, ALS
(amyotropic lateral sclerosis), inclusion-body myositis (IBM}, Adult Onset Diabetes; and
senile cardiac amyloidosis, and various eye diseases including macular degeneration, drusen-
related optic neuropathy, and cataract due to beta-amyloid deposition

The terms "antibody” or “antibodies" as used herein are art recognized term and are
understood to refer to molecules or active fragments of molecules that bind to known
antigens, particularly to immunoglobulin molecules and to immunologically active portions of
immunoglobulin molecules, i.e. molecules 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 class (IgG1l, IgG2, [gG3, IgG4, IgAl and IgA2) or subclasses
of immunoglobulin molecule.

“Antibodies” are intended within the scope of the present invention fo include
monoclonal, polyclonal, chimeric, single chain, bispecific or bi-effective, simianized, human

and humanized antibodies as well as active fragments thereof. Examples of active fragments
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of molecules that bind to known antigens include Fab, F(ab'),, scFv and Fv fragments,
including the products of an Fab immunoglobulin expression library and epitope-binding
fragments of any of the antibodies and fragments mentioned above,

Such active fragments can be derived from an antibody of the present invention by a
number of art-known technigues. For example, purified monoclonal antibodies can be cleaved
with an enzyme, such as pepsin, and subjected to HPLC gel filtration. The appropriate
fraction containing Fab fragments can then be collected and concentrated by membrane
filtration and the like. For further description of general techniques for the isolation of active
fragments of antibodies, see for example, Khaw, B. A. et al. J. Nucl. Med. 23:1011-1019
(1982); Rousseaux et al. Methods Enzymology, 121:663-69, Academic Press, 1986.

A "humanized antibody" refers to a type of engineered antibody having its CDRs
derived from a non-human donor immunoglobulin, the remaining immunoglobulin-derived
parts of the molecule being derived from one (or more) human immunoglobulin{s}. In
addition, framework support residues may be altered to preserve binding affinity. Methods to
obtain “humanized antibodies” are well known to those of ordinary skill in the art. (see, e.g.,
Queen et al, Proc. Natl Acad Sci USA, 86:10029-10032 (1989), Hodgson et al,
Bio/Technology, 9:421 (1991)).

A “"humanized antibody" may also be obtained by a novel genetic engineering
approach that enables production of affinity-matured humanlike polyclonal antibodies in large
animals such as, for example, rabbits (see, e.g., U.S. Patent No. 7,129,084).

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 antigen. Monoclonal antibodies are typically made by fusing a normally short-lived,
antibody-producing B cell to a fast-growing cell, such as a cancer cell (sometimes referred to
as an “immortal” cell), The resulting hybrid cell, or hybridoma, multiplies rapidly, creating a
clone that produces large quantities of the antibody. For the purpose of the present invention,
“monoclonal antibody” is alsc to be understood to comprise antibodies that are produced by a
mother clone which has not yet reached full monoclonality.

The term “CDR” refers to the hypervariable region of an antibody. The term
"hypervariable region”, "HVR", or "HV", when used herein refers to the regions of an
antibody variable domain which are hypervariable in sequence and/or form structurally
defined loops. Generally, antibodies comprise six hypervanable regions; three in the VH (HI,
H2, H3), and three in the VL (L.1, 1.2, L.3). A number of hypervariable region delineations are

in use and are encompassed herein. The Kabat Complementarity Determining Regions are
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based on sequence variability and are the most commonly used (Kabat et al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of
Health, Bethesda, MD. (1991)).

The letters "HC" and "LC" preceding the term "CDR" refer, respectively, to a CDR of
a heavy chain and a light chain. Chothia refers instead to the location of the structural loops
{Chothia and Lesk J. Mol. Biol.196:901-917 (1987)). The AbM hypervariable regions
represent a compromise between the Kabat CDRs and Chothia structural loops, and are used
by Oxford Molecular's AbM antibody modeling software. The "contact” hypervariable
regions are based on an analysis of the available complex crystal structures. The residues
from each of these hypervariable regions are noted below.

Loop Kabat  ABM Chothia  Contact

L1 L24-L34 L24.L34 [26-L32 L30-L36

L2 L50-L36 L30-L56 L50-L52  L46-L355

L3 L89-L97 Lg§9-L97 LO1-L9¢ L89-L96

H1 H31-H35B H26-H35B H26-H32 H30-H35B
{Kahat Numbering}

H1 H31-H35 H26-H35 H26-H32  H30-H3S
(Chothia Numbering)

M2 H50-H65 H50-H58 HS53-HS55  H47-HS8

H3 H95-H102 HO5-H102 H96-H101 HY3-H101

Hypervariable regions may comprise "extended hypervariable regions" as follows: 24-
36 or 24-34 (L1), 46-56 or 50-56 (1.2) and 89-97 or 89-96 (L3) in the VL and 26-35 (H1), 50-
65 or 49-65 (H2) and 93-102, 94-102, or 95-102 (H3) in the VH. The vanable domain
residues are numbered according to Kabat et al., supra, for each of these definitions.

The term "variable domain residue numbering as in Kabat" or "amino acid position
numbering as in Kabat,” and variations thereof, refers to the numbering system used for heavy
chain variable domains or light chain variable domains of the compilation of antibodies in
Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service,

" National Institutes of Health, Bethesda, MD (1991).

Using this numbering system, the actual linear amino acid sequence may contain
fewer or additional amino acids corresponding to a shortening of, or insertion into, a2 FR or
HVR of the variable domain. For example, a heavy chain variable domain may include a
single amino acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c, etc. according to Kabat) after heavy chain FR
residue §2. The Kabat numbering of residues may be determined for a given antibody by
alignment at regions of homology of the sequence of the antibody with a "standard" Kabat

numbered sequence.
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“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, for example functional properties herein described including, but
not limited to: binding specificity to the S-amyloid protein, particularly to the AS)4; protein,
and more particularly to the 4-16 epitopic region of the Af4 protein, immunoreactivity in
vitro, inhibition of aggregation of the AfB;4; monomers into high molecular polymeric fibrils
and/or disaggregation of preformed AfB,4; polymeric fibrils, and/or a f-sheet breaking
property and alleviating the effects of diseases and disorders which are caused by or
associated with amyloid or amyloid-like proteins including, but not limited to, amyloidosis,
endocrine fumors, and macular degeneration, when administered prophylactically or
therapeutically, The antibodies can be of any class such as IgG, IgM, or IgA, etc or any
subclass such as IgG1, IgG2a, etc and other subclasses described herein or known in the art,
but particularly of the IgG4 class. Further, the antibodies can be produced by any method,
such as phage display, or produced in any organism or cell line, including bacteria, insect,
mammal or other type of cell or cell line which produces antibodies with desired
characteristics, such as humanized antibodies. Antibodies can also be formed by combining a
Fab portion and an Fe region from different species.

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

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

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

Also as used herein, the term "immunogenic" refers to substances which elicit or
enhance the production of antibodies, T-cells or other reactive immune cells directed against
an immunogenic agent and contribute to an immune response in humans or animals.

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 to be treated.
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“Polymeric soluble amyloid” refers to multiple aggregated monomers of amyloid
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 mulitiple
aggregated monomers of amyloid 8 (AB) or of modified or truncated amyloid 8 (AB) peptides
or of derivatives thereof, which are soluble in the mammalian or human body more
particularly in the brain.

The term "hybridoma™ is art recognized and is understood by those of ordinary skill 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 myeloma cell. Such a hybrid cell is capable of producing a continuous
supply of antibody. See the definition of "monoclonal antibody” above and the Examples
below for a more detailed description of one art known method of fusion.

The term "carrier” as used herein means a structure in which antigenic peptide or
supramolecular construct can be incorporated into 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 suitably used in animal or human therapy such as,
for example, a vesicle, a particle or a particulate body may be used as a carrier within the
context of the present invention.  The term further comprises methods of delivery wherein
supramolecular antigenic construct compositions comprising the antigenic peptide may be
transported to desired sites by delivery mechanisms. One example of such a delivery system
utilizes colleidal metals such as colloidal gold. The term “carrier” further comprises delivery
mechanisms known to those of ordinary skill in the art including, but not limited to, keyhole
limpet hemocyanin {KLH), bovine serum albumin (BSA) and other adjuvants.

In a supramolecular antigenic construct according to the present invention, the
liposome may have a dual function in that it can be used as a carrier comprising the
supramolecular construct as described herein and, at the same time, function as an adjuvant to
increase or stimulate the immune response within the target animal or human to be treated
with the therapeutic vaccine according to the invention. It 1s also to 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,
interleukin 1, and/or microcapsules of polysaccharides and proteins, but particularly a
detoxified lipid A, such as monophosphoryl or diphosphoryl lipid A, or alum, further
preservatives, diluents, emulsifiers, stabilizers, and other components that are known and used

in vaccines in the art, Moreover, any adjuvant system known in the art can be used in the
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composition of the present invention. Such adjuvants include, but are not limited to, Freund’s

incomplete adjuvant, Freund’s complete adjuvant, polydispersed #-(1,4) linked acetylated

mannan ("Acemannan"), TITERMAX® (polyoxyethylene-polyoxypropylene  copolymer
adjuvants from CytRx Corporation), modified lipid adjuvants from Chiron Corporation,
saponin derivative adjuvants from Cambridge Biotech, killed Bordetella pertussis, the
lipopolysaccharide (LPS) of gram-negative bacteria, large polymeric anions such as dextran
sulfate, and inorganic gels such as alum, aluminum hydroxide, or aluminum phosphate.

Carrier proteins that can be used in the supramolecular antigemic construct
compositions of the present invention include, but are not limited to, maltose binding protein
"MBP"; bovine serum albumin "BSA"; keyhole lympet hemocyanin "KLH"; ovalbumin;
flagellin; thyroglobulin; serum albumin of any species; gamma globulin of any species;
syngeneic cells; syngeneic cells bearing Ia antigens; and polymers of D- and/or L- amino
acids,

Further, the term "therapeutically effective amount” refers to the amount of antibody
which, when administered to a human or animal, 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 ordinary skill in the art following routine procedures.

“Homology” between two sequences is determined by sequence identity. If two
sequences which are to be compared with each other differ in length, sequence identity
preferably relates to the percentage of the nucleotide residues of the shorter sequence which
are identical with the nucleotide residues of the longer sequence. Sequence identity can be
determined conventionally with the use of computer programs such as the Bestfit program
(Wisconsin Sequence Analysis Package, Version 8 for Unix, Genetics Computer Group,
University Research Park, 575 Science Drive Madison, WI 53711). Bestfit utilizes the local
homology algorithm of Smith and Waterman, Advances in Applied Mathermatics 2 (1981),
482-489, in order to find the segment having the highest sequence identity between two
sequences. When using Bestfit or another sequence alignment program to determine whether
a particular sequence has, for example, 95% identity with a reference sequence of the present
invention, the parameters are preferably adjusted so that the percentage of identity is
calculated over the entire length of the reference sequence and homology gaps of up to 5% of
the total number of the nucleotides in the reference sequence are permitted. When using
Bestfit, the so-called optional parameters are preferably left at their preset ("'default") 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,
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substitution, insertion or recombination. Such a sequence comparison can preferably also be
carried out with the program “fasta20u66” (version 2.0u66, September 1998 by William R.
Pearson and the University of Virginia; see also W.R. Pearson (1990), Methods in
Enzymology 183, 63-98, appended examples and http://workbench.sdsc.edu/). For this
purpose, the "default” parameter settings may be used.

As used herein a “conservative change” refers to alterations that are substantially
conformationally or antigenically neutral, producing minimal changes in the tertiary stracture
of the mutant polypeptides, or producing minimal changes in the antigenic determinants of the
mutant polypeptides, respectively, as compared to the native protein. When referring to the
antibodies and antibody fragments of the invention, a conservative change means an amino
acid substitution that does not render the antibody incapable of binding to the subject receptor.
One of ordinary skill in the art will be able to predict which amino acid substitutions can be
made while maintaining a high probability of being conformationally and antigenically
neutral. Such guidance is provided, for example in Berzofsky, (1985) Science 229:932-940
and Bowie ef al, (1990) Science 247:1306-1310. Factors to be considered that affect the
probability of maintaining conformational and antigenic neutrality inciude, but are not limited
to: (a) substitution of hydrophobic amino acids is less likely to affect antigenicity because
hydrophobic residues are more likely to be located in a protein’s interior; (b) substitution of
physiochemically similar, amino acids is less likely to affect conformation because the
substituted amino acid structurally mimics the native amino acid; and (c) alteration of
evolutionarily conserved sequences is likely to adversely affect conformation as such
conservation suggests that the amino acid sequences may have functional importance. One of
ordinary skill in the art will be able to assess alterations in protein conformation using well-
known assays, such as, but not limited to microcomplement fixation methods (see, e.g.,
Wasserman ef gl. (1961) 1. Immunol. 87:290-295; Levine et al. (1967) Meth. Enzymol.
11:928-936) and through binding stodies using conformation-dependent monocional
antibodies (see, e.g. Lewis ¢t al. (1983) Biochem. 22:948-954),

The term "hybridize" as used herein refers to conventional hybridization conditions,
preferably to hybridization conditions at which 5xSSPE, 1% SDS, IxDenhardts solution is
used as a solution and/or hybridization temperatares are between 35°C and 70°C, preferably
65°C. Afier hybridization, washing is preferably carried out first with 2xSSC, 1% SDS and
subsequently with 0.2xSSC at temperatures between 35°C and 70°C, preferably at 65°C
(regarding the definition of SSPE, SSC and Denhardts solution see Sambrook et al. Molecular
Biology: A Laboratory Manual, Cold Spring Harbor Press, Cold Spring Harbor, New York,
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1989). Stringent hybridization conditions as for instance described in Sambrook et al, supra,
are particularly preferred. Particularly preferred stringent hybridization conditions are for
instance present if hybridization and washing occur at 65°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 even less.

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 embodiments, thereof, it 1s not
intended that such details should be regarded as limitations upon the scope of the invention.

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 diagnostic and therapeutic
intervention in diseases and disorders which are caused by or associated with amyloid or
amyloid-like proteins, and especially in Alzheimer’s Disease:

Antibodies may be admmistered to individuals to passively immunize them against a
variety of diseases and disorders which are caused by or associated with amyloid or amyloid-
like proteins, such as Alzheimer’s disease.

The antibodies provided herein are monoclonal or polyclonal antibodies having
binding specificity for antigenic peptides involved in the initiation, progression, and/or
worsening of various diseases and disorders which are caused by or associated with amyloid
or amyloid-like proteins such as, Alzheimer’s disease.

The antibodies according to the invention are prepared by immunizing an amimal, 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 constructs as disclosed herein generally comprise
peptides modified to enhance antigenic 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-amino acids {e.g. poly-glycine, poly-histidine}, poly-
saccharides (e.g. polygalacturonic acid, polylactic acid, polyglycolide, chitin, chitosan),
synthetic polymers (polyamides, polyurethanes, polyesters) or co-polymers (e.g.
poly(methacrylic acid) and N~(2-hydroxy) propyl methacrylamide} and the like.

Modification by palmitic acid (palmitoylation), while providing an anchor for the
peptide in the liposome bilayer, due to the relative reduced length of the Cie fatty acid
moiefy leads to the peptide practicaily laying on the liposome surface. Therefore, the cells
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processing the antigen will have to take up the entire liposome with the peptide, which, in the
majority of cases, results in a slower immune response in relative terms.

In one embodiment of the invention, a modified amyloid Af 27-15 peptide and AS 2940,
peptide, respectively, is used in the preparation of an antibody, particularly a monoclonal
antibody according to the invention.

n one embodiment of the invention, a modified amyloid AfS |-;s peptide is used in the
preparation of an antibody, particularly a monoclonal antibody according to the invention.

The modified amyloid AS -5 peptide may be synthesized following the method
reported in Nicolau et. al. 2002. The approach reported in Nicolau et al involves modifying
the antigenic peptide by an on-resin grafling 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 amino acid, is
attached to a resin using known coupling chemistry. The protecting group is removed and a
second protected amino acid residue couf)led. Standard automated peptide synthesis using
known protection chemistry, particularly Fmoc/tBu chemistry, and standard side-chain
protecting groups are then used to synthesize the AS antigenic peptide by coupling on amino
acids 22 to 25, 29 to 40 and 1 to 15, respectively, of amyloid protein AB;42. to produce the
peptide fragment. In a final step two further protected amino acids are coupled to the growing
peptide fragment. The Mtt groups can then be selectively cleaved and coupled fo palmitic
acid. After washing of the resin, the protecting group is removed and the resin simultaneously
cleaved, followed by side-chain deprotections using standard methodology. The final product
can then be obtained in high purity and its identity confirmed by methods known in the art
such as, for example, electrospray mass specirometry.

The lipophilic or hydrophobic moiety according to the present invention may be a
fatty acid, a triglyceride or a phospholipid wherein the fatty acid carbon back bone has at least
10 carbon atoms. Particularly, the lipophilic or hydrophobic moiety is a fatty 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 within this range also being
part of the present invention. More particularly, the lipophilic or hydrophobic moiety has a
carbon backbone of at least 14 carbon atoms. Examples of hydrophobic moieties include, but
are not limited to, palmitic acid, stearic acid, myristic acid, lauric acid, oleic acid, linoleic
acid, linolenic acid and cholesterol or DSPE. In a specific embodiment of the present

invention the lipophilic or hydrophobic moiety is palmitic acid.
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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 other 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 peptide being sufficiently far away from the bilayer can
be processed alone and thus increases its immunogenicity as compared to the palmitoylated
antigen.

In certain embodiments, the supramolecular antigenic constructs used within the scope
of the present invention comprise a peptide sequence, covalently attached to pegylated lysine-
one at each terminus. The length of the PEG (polyethylenglycol) chain may vary from n = 8
to n = 150.000 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 = 5andn = 40, more particularly between n = 10
and n = 30, and even more particularly n = 10,

The supramolecular constructs described herein can be synthesized using automated
peptide synthesis and known protection chemistry, particularly Fmoc/tBu chemistry and
standard side-chain protecting groups. Typically, pegylation of peptides results in mixtures of
regioisomers.

To achieve a site-specific attachment of a PEG-lipid conjugate to both the C- and N-
terminus of AB partially protected peptides may be used. For those peptide sequences
containing internal Lys or His residues an orthogonally protected Lys(ivDde) is added to each
terminus. An additional Gly may be added to the C-terminal end to facilitate synthesis. The
protecting group is removed and N-acetylated using acetic anhydnde followed by selective
cleavage of the ivDde groups.

A resin, particularly a 2-chlorotrityl resin, 1s to be favored which is acid sensitive 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.

Solution-phase couplings were achieved successfully with the peptides derived from a

-amyloid protein sequence such as, for example, a Af 2135 and Af 2040, respectively, or a
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ABy.s to a PEG molecule modified by a fatty acid — phosphatidyicholine such as, for
example, DSPE. Separation of the mono- and di-coupled products before final side-chain
deprotections can be achieved by using cation-exchange chromatography. Subsequent peptide
side-chain deprotections leads to the isolation of the desired conjugates with an acceptable
purity. Purification can be achieved by methods well known in the art such as, for example,
HPLC. efc.

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

Liposomal antigens according to the invention may then be prepared as described in
Nicolau et al., 2002. The modified amyloid A8 antigenic peptide, particularly the modified
PEGylated AS 1735 and Afho.4o antigenic peptide, or the palmytoylated Af;.;5 antigenic
peptide, may be reconstituted in a construct consisting of liposomes, particularly liposomes
made of dimyristoyl phosphatidyl choline (DMPC), dimynistoyl phosphatidyl ethanolamine
{DMPEA), dimyristoy] phosphatidyl glycerol (DMPG) and cholesterol, optionally containing
- monophosphoryl lipid A.

In a specific embodiment of the invention liposomes with lipid A are used as adjuvant
to prepare the anti-amyloid vaccine. Dimyristoylphosphatidyl-choline, -glycerol and
cholesterol are mixed, particularly in a molar ratio of 0.9:1.0:0.7. A strong immunmodulator
such as, for example, monophosphoryl lipid A is then added at a suitable concentration,
particularly at a concentration of between 30 and 50 mg per mmol, more particularly at 40 mg
per mmol of phospholipids. The modified antigenic Af peptide is then added at a molar ratio
peptide to phospholipids of between 1:30 and 1:200, particularly at a molar ratio of between
1:1000, 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 solution such as, for
example PBS.

Liposomes may also be prepared by the crossflow injection technique as described, for
example, in Wagner et al (2002) Journal of Liposome Research Vol 12(3), pp 259 - 270.
During the injection of lipid solutions mto an aqueous buffer system, lipids tend to form
“precipitates”, followed by self 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 module, vessels for the polar phase
(e.g. a PBS buffer solution), an ethanol/lipid solution vessel aﬁd a pressure device, but

particularly a nitrogen pressure device. While the aqueous or polar solution is pumped
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through the crossflow injection module the ethanol/lipid 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 attached to a molecule of phosphatidyl-
ethanolamine {where the fatty acid can be: myristic, palniitic, stearic, oleic etc. or a
combination thereof) to function as the anchoring element. This supramolecular structure may
be anchored by reconstitution in liposomes consisting of phospholipids and cholesterol
(phosphatidylethanol amine, phosphatidyl glycerol, cholesterol in varied molar ratios. Gther
phosphoiipids can be used. Lipid A is used at a concentration of approximately 40 pg/umole
of phospholipids.

In certain embodiments, the palmitoylated or pegylated supramolecular antigenic
constructs comprise a peptide having the amino acid sequence of S-amyloid. The peptides
may also comprise or correspond to whole amyloid beta peptide and active fragments thereof.
Additionally, peptides useful for the present invention in particular comprise Af 2.35 and A8
29.40, Tespectively, or A5 and active fragments thereof.

For eliciting and preparing antibodies and for determining immuogenicity of the
modified AS antigenic construct a suitable animal selected from the group consisting of mice,
rats, rabbits, pigs, birds, etc, 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 time intervals after immunization using a immunoassay such
as, for example, an ELISA assay.

The monoclonal antibodies of the present invention can be prepared using classical
cloning and cell fusion techniques well known in the art. The immunogen (antigen) of
interest, is typically administered (e.g. intraperitoneal injection) to wild type or inbred mice
(e.g. BALB/c or especially C57BL/6 mice), rats, rabbits or other animal species or transgenic
mice which can produce native or human antibodies. The immunogen can be administered
alone, or mixed with adjuvant, or expressed from a vector {(VEE replicon vector, vaccinia), or
as DNA, or as a fusion protein to induce an inumune response. Fusion proteins comprise the
peptide against which an mmmune response is desired coupled to carrier proteins, such as, for
example, beta.-galactosidase, glutathione S-transferase, keyhole limpet hemocyanin (KLH),
and bovine serum albumin. In these cases, the peptides serve as haptens with the carrier

proteins. After the animal is boosted, for example, two or more times, spleen cells are
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harvested from the immunized animals and hybridomas generated by fusing sensitized spleen
cells with a myeloma cell line, such as murine SP2/0Q myeloma cells (ATCC, Manassas, VA}
using the well-known processes of Kohler and Milstein (Nature 256: 495-497 (1975)) and
Harlow and Lane (Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory, New
York 1988)).

In a specific embodiment of the invention the antigenic construct according to the
invention, particularly a vaccine composition comprising said antigenic construct in a
pharmaceutically acceptable form, is administered in repeated doses, in particular in 1 to 15
doses, more particularly in 2 to 10 doses, even more particularly in 3 to 7 doses but especially
in 4 to 6 doses, in time intervals of bet@een 1 and 10 weeks, particularly in time intervals of
between 1 and 6 weeks, more particularly in time intervals of between 1 and 4 weeks, and
even more particularly in time intervals of between 2 and 3 weeks. The immune response is
monitored by taking sera samples at a suitable time after boosting, particularly 3 to 10 days
after boosting, more particularly 4 to 8 days after boosting and more particularly 5 to 6 days
after boosting and determining the immunogenicity of the antigenic construct using known
methodology, particularly one of the commonly used immunoassays 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 to the invention in a
pharmaceutically acceptable form leads to a significant immune respense in the treated
animal. Animals, but especially mice with therapeutic titers are selected for a fusion of
antibody producing cells, particularly B-lymphocytes with a continuously growing or
immortal cell line, such as a myeloma cell line. The cells are induced to fuse by the addition
of polyethylene glycol. Therapeutic titers are those which give a positive result in an ELISA
assay in a dilution of between 1:4000 and 1:6000, particularly of between 1:4500 and 1.5500,
more particularly of 1:5000.

The resulting hybrid cells 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 chernically selected by plating the celis in a selection
medium containing hypoxanthine, aminopterin and thymidine (HAT).

Hybridomas are subsequently screened for the ability to produce monoclonal

antibodies against specific amyloid-associated diseases or disorders. Hybridomas producing
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antibodies of interest are cloned, expanded and stored frozen for future production. The
preferred hybridoma produces a monoclonal antibody having the 1gG isotype.

The polyclonal antibody is prepared by immunizing animals, such as mice or rabbits,
or any other suitable animal with supramolecular antigenic construct compositions of the
present invention described herein. Blood sera is subsequently collected from the animals,
and antibodies in the sera screened for binding reactivity against the amyloid protein.

The antibodies according to the invention can be prepared in a physiologically
acceptable formulation 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 including any functionally equivalent antibody or functional
parts thereof, in particular, the monoclonal antibody including any functionally equivalent
antibody or functional parts thereof is combined with a pharmaceutically acceptable carrier,
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 oil/water emulsions, various types of
wetting agents, sterile solutions, etc.

Formulation of the pharmaceutical composition according to the invention can be
accomplished according to standard methodology know to those of ordinary skill in the art.

The compositions of the present invention may be administered to a subject in the
form of a solid, liquid or aerosol at a suitable, pharmaceutically effective dose. Examples of
solid compositions include pills, creams, and implantable dosage umits. Pills may be
administered orally. Therapeutic creams may be administered topicaily. 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 example, subcutaneously. Examples of
liquid compositions include formulations adapted for inmjection intramuscularly,
subcutaneously, intravenously, intra-arterially, and formulations for topical and intraocular
administration. Examples of aerosol formulations include inhaler formulations for
administration to the lungs,

The compositions may be administered by standard routes of adminmstration. In
general, the composition may be administered by topical, oral, rectal, nasal, interdermal,
intraperitoneal, or parenteral (for example, intravenous, subcutaneous, or intramuscular)
routes. In addition, the composition may be incorporated into sustained release matrices such
as biodegradable polymers, the polymers being implanted in the vicinity of where delivery is

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

A sustained release matrix, as used herein, is a matrix made of materials, usually
polymers which are degradable by enzymatic or acid/base hydrolysis or by dissolution. Once
inserted into the body, the mairix 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 glycolic 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, polyvinylpymrolidone and silicone. A
preferred biodegradable matrix is a matrix of one of either polylactide, polyglycolide, or
polylactide co-glycolide (co-polymers of Jactic acid and glycolic acid).

It is well known to those of ordinary skill 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
selected from the group consisting of compounds against oxidative stress, anti-apoptotic
compounds, metal chelators, inhibitors of DNA repéir such as pirenzepin and metabolites, 3-
amino-1-propanesulfonic acid (3APS), 1,3-propanedisulfonate (1,3PDS), secretase activators,
B- and vy-secretase - inhibitors, tau proteins, neurotransmitter, S-sheet breakers, anti-
inflammatory molecules, “atypical antipsychotics” such as, for example clozapine,
ziprasidone, risperidone, aripiprazole or olanzapine or cholinesterase inhibitors (ChEIs) such
as tacrine, rivastigmine, donepezil, and/or galantamine and other drugs and nutritive
supplements such as, for example, vitamin Bl2, cysteine, a precursor of acetylcholine,
lecithin, choline, Ginkgo biloba, acyetyl-L-camnitine, idebenone, propentofylline, or a
xanthine derivative, together with an antibody according to the present invention and,
optionally, a pharmaceutically acceptable carrier and/or a diluent and/or an excipient and

instructions for the treatment of diseases.
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Proteinaceous 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 yg and 10 mg of the antibody according to the invention , particularly in a range
1.0 ug to 1.0 mg, and more particularly in a range of between 1.0 ug and 100 pg, with all
individual numbers falling within these ranges also being part of the invention, If the
administration occurs 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 all individual
numbers falling within these ranges also being part of the invention.

Administration will generally be parenterally, e.g. intravenously . Preparations for
parenteral administration include sterile aqueous or non-aqueous solutions, suspensions and
emulsions. Non-aqueous solvents include without being limited to it, propylene glycol,
polyethylene glycol, vegetable oil such as olive oil, and injectable organic esters sﬁch as ethyl
oleate. Aqueous solvents may be chosen from the group consisting of water, alcohol/aqueous
solutions, emulsions or suspensions including saline and buffered media. Parenteral vehicles
include sodium chloride solution, Ringer’s dextrose, dextrose and sodiwm chloride, lactated
Ringer’s, or fixed oils. Intravenous vehicles include fluid 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, etc.

The pharmaceutical composition may further comprise proteinaceous carriers such as,
for example, serum albumin or immunoglobulin, particularly of human origin. Further
biologically active agents may be present in the pharmaceutical composition of the invention
dependent on its the intended use.

When the binding target is located in the brain, certain embodiments of the invention
provide for the antibody or active fragment thereof to traverse the blood-brain barrier. Certain
neurodegenerative diseases are associated with an increase in permeability of the blood-brain
barrier, such that the antibody or active fragment thereof can be readily introduced to the
brain. When the blood-brain barrier remains intact, several art-known approaches exist for
transporting molecules across it, including, but not limited to, physical methods, lipid-based
methods, and receptor and channel-based methods.

Physical methods of transporting the antibody or active fragment thereof across the
blood-brain barrier include, but are not limited to, circumventing the blood-brain barrier
entirely, or by creating openings in the blood-brain barrier. Circumvention methods include,
but are not limited to, direct injection into the brain (see, e.g., Papanastassiou et al.,, Gene

Therapy 9: 398-406 (2002)) and implanting a delivery device in the brain (see, e.g., Gill et al,,
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Nature Med. 9: 589-595 (2003); and Gliadel Wafers™, Guildford Pharmaceutical). Methods
of creating openings in the barrier include, but are not limited to, ultrasound (see, e.g., U.S.
Patent Publication No. 2002/0038086), osmotic pressure {(e.g., by administration of hypertonic
mannitol (Neuwelt, E. A., Implication of the Blood-Brain Barrier and its Manipulation, Vois 1
& 2, Plenum Press, N.Y. (1989))), permeabilization by, e.g., bradykinin or permeabilizer A-7
(see, e.g., U.S. Patent Nos. 5,112,596, 5,268,164, 5,506,206, and 5,686,416), and transfection
of neurons that straddle the blood-brain barrier with vectors containing genes encoding the
antibody or antigen-binding fragment (see, e.g., U.S. Patent Publication No. 2003/0083299).

Lipid-based methods of transporting the antibody or active fragment thereof across the
blood-brain barrier include, but are not limited to, encapsulating the antibody or active
fragment thereof in liposomes that are coupled to active fragments. thereof that bind to
receptors on the vascular endothelium of the blood-brain bamier (see, e.g., U.S. Patent
Application Publication No. 20020025313), and coating the antibody or active fragment
thereof in low-density lipoprotein particles (see, e.g., U.S. Patent Application Publication No.
20040204354) or apolipoprotein E (see, e.g., U.S. Patent Application Publication No.
20040131692).

Receptor and channel-based methods of transporting the antibody or active fragment
thereof across the blood-brain barrier include, but are not limited to, using glucocorticoid
blockers to increase permeability of the blood-brain barrier (see, e.g., U.S. Patent Application
Publication Nos. 2002/0065259, 2003/0162695, and 2005/0124533); activating potassium
channels (see, e.g., U.S. Patent Application Publication No. 2005/0089473), inhibiting ABC
drug transporters (see, e.g., U.S. Patent Application Publication No. 2003/0073713); coating
antibodies with a transferrin and modulating activity of the one or more transferrin receptors
(see, e.g., U.S. Patent Application Publication No. 2003/0129186), and cationizing the
antibodies (see, e.g., U.S. Patent No. 5,004,697).

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
predisposition to 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 to the invention and as described herein. These
methods inchude known immunological methods commonly used for detecting or quantifying
substances in biological samples or in an in situ condition.

Diagnosis of an amyloid-associated disease or condition or of a predisposition to an

amyloid-associated disease or condition in a patient may be achieved by detecting the
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immunospecific binding of an antibody of the invention, particularly a monoclonal antibody
or an active fragment thereof to an epitope of the amyloid protein in a sample or in sizu, which
includes bringing the sample or a specific body part or body area suspected to contain the
amyloid protein into contact with an antibody which binds an epitope of the amyloid protein,
allowing the antibody to bind to the amyloid protein to form an immunologic complex,
detecting the formation of the immunologic complex and correlating the presence or absence
of the immunologic complex with the presence or absence of amyloid protein in the sample or
specific body part or area, optionally comparing the amount of said immunologic complex to
a normal control value, wherein an increase in the amount of said immunologic complex
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. The amyloid protein may be in the
monomeric, fibril, and/or polymenc form. The antibody or active portion thereof may be
specific for the monomernc, fibril, and/or polymeric forms of the amyloid protein.

Monitoring minimal residual disease in a patient following freatment with an antibody
or a vaccine composifion according to the mmvention may be achieved by detecting the
immunospecific binding of an antibody of the invention, particularly a monocional antibody
or an active fragment thereof to an epitope of the amyloid proiein in 2 sample or In sity, .which
includes bringing the sample or a specific body part or body area suspecied {o contain the
amyloid protein into contact with an anitbody which binds an epitope of the amyloid protein,
allowing the antibody to bind to the amyloid protein to form an immunologic complex,
detecting the formation of the immunologic complex and correlating the presence or absence
of the immunologic complex with the presence or absence of amyloid protein in the sample or
specific body part or area, optionally comparing the amount of said immunologic complex to
a normal control value, wherein an increase in the amount of said immunologic complex
compared to a normal control value indicates that said patient may still suffer from a minimal
residual disease. The amyloid protein may be in the monomeric, fibril, and/or polymeric
form:. The antibody or active portion thereof may be specific for the monomeric, fibril, and/or
polymeric forms of the amyloid protein.

Predicting responsiveness of a patient to a treatment with a vaccine composition
according to the invention may be achieved by detecting the immunospecific binding of a
monocional antibody or an active fragment thereof to an epitope of the amyloid protein in a
sample or in situ, which includes bringing the sample or a specific body part or body area
suspected to contain the amyloid protein into contact with an antibody which binds an epitope

of the amyloid protein, allowing the antibody to bind to the amyloid protein to form an
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immunclogic complex, detecting the formation of the immunologic complex and correlating
the presence or absence of the immunologic complex with the presence or absence of amyloid
protein in the sample or specific body part or area, optionally comparing the amount of said
immunologic complex before and after onset of the treatment, wherein an decrease in the
amount of said immunologic complex indicates that said patient has a high potential of being
responsive to the treatment. The amyloid protein may be in the monomeric, fibril, and/or
polymeric form. The antibody or active portion thereof may be specific for the monomeric,
fibril, and/or polymeric forms of the amyloid protein.

Biological samples that may be used in the diagnosis of an amyloid-associated disease
or condition, for diagnosing a predisposition to 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 to the invention
and as described herein are, for example, fluids such as serum, plasma, saliva, gastric
secretions, mucus, cerebrospinal fluid, lymphatic fluid and the like or tissue or cell samples
obtained from an organism such as neural, brain, cardiac or vascular tissue. For determining
the presence or absence of th.e amyloid protein in a sample any immunoassay known to those
of ordinary skill in the art. may be used such as, for example, assays which utilize indirect
detection methods using secondary reagents for detection, ELISA's and immunoprecipitation
and agglutination assays. A detailed description of these assays is, for example, given in
Harlow and Lane, Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory, New
York 1988 555-612, WO96/13590 to Maertens and Stuyver, Zrein et al. (1998) and
W(O96/29605.

For in situ diagnosis, the antibody or any active and functional part thereof may be
administered to the organism to be diagnosed by methods known in the art such as, for
example, intravenous, intranasal, intraperitoneal, infracerebral, intraarterial injection such that
a specific binding between an antibody according to the invention with an eptitopic region on
the amyloid protein may occur. The antibody/antigen complex may conveniently be detected
through a label attached to the antibody or a functional fragment thereof, or any other art-
known method of detection.

The imrhunoassays used in diagnostic applications or in applications for diagnosing a
predisposition to 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 to the invention and as described herein

typically rely on labelled antigens, antibodies, or secondary reagents for detection. These
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proteins or reagents can be labelled with compounds generally known to those of ordinary
skill in the art including enzymes, radioisotopes, and fluorescent, luminescent and
chromogenic substances including, but not limited to, colored particles, such as colloidal gold
and latex beads. Of these, radicactive labelling can be used for almost all types of assays and
with most variations. Enzyme-conjugated labels are particularly useful when radioactivity
must be avoided or when quick results are needed. Fluorochromes, although requiring
expensive equipment for their use, provide a very sensitive method of detection. Antibodies
useful in these assays include monoclonal aniibodies, polyclonal antibodies, and affinity
purified polycional antibodies.

Alternatively, the antibody may be labelled indirectly by reaction with labelled
substances that have an affinity for immunoglobulin, such as protein A or G or second
antibodies. The antibody may be conjugated with a second substance and detected with a
labelled 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 detecied using labelled avidin or streptavidin. Similarly, the antibody may be
conjugated to a 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 employed in accordance with the present invention. The binding of these labels to
antibodies or fragments thereof can be accomplished using standard techniques commonly
known to those of ordinary skill in the art. Typical techniques are described by Kennedy, J.
H, etal, 1976 (Clin. Chim. Acta 70:1-31), and Schurs, A. H. W. M,, et al. 1977 (Chin. Chim
Acta 81:1-40). Coupling techniques mentioned in the latter are the glutaraldehyde method, the
periodate method, the dimaleimide method, and others, all of which are incorporated by
reference herein.

Current immunoassays utilize 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 antibody to be used in the assay described herein, this label is
preferably an antibody-coated bead, particularly a magnetic bead. For the antibody to be
employed in the immunoassay described herein, the label is preferably a detectable molecule

such as a radioactive, flucrescent or an electrochemiluminescent substance.

71



WO 2008/156621 PCTE/AS2Z008/067317

An alternative double antibody system, often referred to as fast format systems
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 protein is determined using a pair of antibodies, each specific for
amyloid protein. 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
monoclonal antibody 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 embodiment of the present
invention thus uses the double antibody sandwich method for detecting amyloid protein in a
sample of biological fluid. In this method, the analyte (amyloid protein) is sandwiched
between the detector antibody and the capture antibody,' the capture antibody being
irreversibly immobilized onto a solid support. The detector antibody would contain a
detectable label, in order to identify the presence of the antibody-analyte sandwich and thus
the presence of the analyte.

Exemplary 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 in the
field of radicimmunoassay and enzyme immunoassay. Methods for coupling antibodies to
solid phases are also well known to those of ordinary skill in the art. More recently, a number
of porous material such as nylon, nitrocellulose, cellulose acetate, glass fibers and other
porous polymers have been employed as solid supports,

The present invention also relates to a diagnostic kit for detecting amyloid protein in a
biological sample comprising a composition és defined above. Moreover, the present
invention relates to the latter diagnostic kit which, in addition to a composition 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. (1998).

It 1s still another object of the present invention to provide novel immunoprobes and
test kits for detection and diagnosis of amyloid-associated diseases and conditions comprising
antibodies according to the present invention. For immunoprobes, the antibodies are directly
or indirectly aftached to a suitable reporter molecule, e.g., an enzyme 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
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an immunologic complex and detecting the formation of the immunologic complex such that
presence or absence of the immunologic complex correlates with presence or absence of

amyloid protein.
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EXAMPLES

EXAMPLE 1: Antibody generated through immunization with a Palmitoylated AB).is

Supramolecular Antigenic Constructs

Example 1.1 Methods for Making Palmitoylated AfBy .15 Supramolecular Antigenic
Constructs

1.1.1 Synthesis of tetra(palmitoyl lysine)-AS81-15 peptide antigen

The palmitoylated amyloid 1-15 peptide was synthesized following an improved
previously reported method (Nicolau et. al. 2002). This new approach involved on-resin
grafting of palmitic acid to the terminal Lys residues of the pre-formed peptide rather than
stepwise  solid-phase  synthesis incorporating the modified amino acid 9-
fluorenylmethoxycarbonyl (Fmoc)-Lys(Pal)-OH. This new approach improves coupling
efficiency and gives a product of considerably higher purity. Thus, the orthogonally protected
amino acid Fmoc-Lys(Mtt)}-OH was attached to a Wang resin using [2-(1 H-benzotriazol-1-
yD)-1,1,3,3-tetramethyluronium hexafluorophosphate] (HBTU) coupling chemistry, The Fmoc
group was removed using 20% pipenidine in DMF and a second residue of Fmoc-Lys(Mtt)-
OH was coupled. Standard automated peptide synthesis using Fmoc/tBu chemistry and
standard side-chain protecting groups was then used to couple on the next 15 amino acids to
yield a peptide sequence. 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
dichloromethane to release a peptide fragment and then coupled to 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 deprotections were carried out
using TFA under standard conditions. Trituration from cold diethyl ether gave the product as
a white solid. Electrospray mass specitrometry confirmed the identity of the product (m/z
expected: 1097.9 ([M13+); found: 1096.8 ([M-3H]3+), with no other tri-, di- or mono-
palmitoylated peptides detected.

Example 1.2: Antibodies Elicited by Supramolecular Antigenic Constructs
Manufacturing of mAbs raised against Palmitoylated AS;.is Supramelecular Antigenic
Construct

Palmitoylated antigen (ACI-24, ABy.1s) was used for the immunization in CS7BL/6
mice in 2 week intervals. 10-12 animals were immunized with each antigen (Injection vol:
200p! containing 8 nmoles peptide). Last injection was performed 4 days before sacrifice of
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the animals. After 5 boostings mice with therapeutic titers (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 cells of myeloma cell line SP2-0. (ATCC, Manassas, VA) using the well-known
processes of Kohler and Milstein (Nature 256: 495-497 (1975)) and Harlow and Lane
(Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory, New York 1988))

The cells were induced to fuse by the addition of polyethylene glycol. The resulting
hybrid cells were then cultured for 10 + 14 day in the conventional manner to allow clonal
growth. Initial clonal selection was made using limiting dilution. IgG producing hybndoma
clones were selected and tested for their specific binding to the ABy.4; peptide by ELISA and
the resulting clones, which produce the desired monoclonal antibodies, cultured.

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

Hybridomas were subsequently screened for the ability to produce momnoclonal
antibodies against specific amyloid-associated diseases or disorders. Once the mother clone
was identified, it was subcloned four times to assure monoclonality and allow the hybnd to
stabilize. Hybridomas producing antibodies of interest were cloned, expanded and stored
frozen for future production.

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

The preferred hybridoma produced a monoclonal antibody having the IgG1 isotype.

Example 1.3: Specificity Determination for antibody mACI-24-Ab3

To analyze the specificity of the antibody mACI-24-Ab3, different concentrations of
pre-formed Amyloid 1-42, 1-40 and 17-40, 1-28 fibrils are blotted onto Hybond ECL
Nitrocellulose Membrane (Amersham Biosciences). After blocking with 10% dry milk and
0.7 % Tween 20, membranes are incubated with primary antibody at 20 pg/ml for 2h at RT.
After washing, membranes are incubated with horse radish peroxidase conjugated sheep anti-
mouse IgG antibody (Amersham Biosciences) for I h at RT, washed and incubated with
cheminluminescent solution followed by the exposure of the membrane to X-ray film.

To measure binding of the mAb mACI-24-Ab3 to amyloid B 1-42, 1-40 and 17-40, 1-
28 fibers are pre-formed for seven days at 37°C and blotted on the membrane. 20 pg/ml
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antibody is used to measure binding capacity and the bound antibody is detected by horse
radish peroxidase conjugated sheep anti-mouse IgG antibody for 20 minutes of exposure.
Example 1.4: Thioflavin T (Th-T) fluorescent assay

To measure both inhibition of aggregation as well as disaggregation properties of the
mAD the Thioflavin T (Th-T) fluorescent assay was used which specifically binds to fibrillar
A 4> molecules and subsequently the fluorescent emission intensity correlates with the
amount of AB; 4, filaments present in the solution.

Af1-42 lyophilized powder was reconstituted in hexafluoroisopropanol (HFIP) to 1
mM. The peptide solution was sonicated for 15 min at room temperature, agitated overnight,
and aliquots made into non-siliconized microcentrifuge tubes. The HFIP was then evaporated
under a stream of argon. The resulting peptide film was vacuum dried for 10 min and stored
at -80°C until used.
1.4.1 AQB1-42 aggregation assay

To assay for the antibody-mediated inhibition of AB1-42 aggregation the antibody was
pre-diluted in PBS and an assay solution containing the following components was made in a
non-siliconized incubation tube: 3.3 or 0.33 uM pre-diluted antibody, 10 M thioflavin T, 33
#M AB1-42, and 8.2% DMSO. Therefore the final molar ratios of antibody to AB1-42 were
1.10 and 1:100. Appropriate control solutions were also prepared. The solutions were then
incubated for 24 hrs at 37°C, and the spectrofluorescence (relative fluorescence units; RFU)
read in six replicates in black 348-well plates (Perkin-Elmer) on a Perkin-Elmer FluoroCount
spectrofluorometer. Inhibition of aggregation or disaggregation is expressed as mean %

mhibition or disaggregation, respectively, according to the following equation

% inhibition = {RFL} of pos contrl — RFU of neq contrd) ~ (RFY of sample with AR1-42 — RFU of sample witheut AB1-42) x
100%
{RFLU of pos contrl ~ RFU of neg contr) n

averaged 26% (2 independent experiments), whereas at a 1:10 molar ratio the inhibition was
51% (2 independent experiments).
1.42 AfB1-42 disaggregation assay

To measure the disaggregation properties of the mAb the Thioflavin T (ThT)
fluorescent assay was used which specifically binds to fibrillar ABi42 molecules and
subsequently the fluorescent emission intensity correlates with the amount of AB;.4; filaments
present in the solution.

To assay for antibody-mediated disaggregation of pre«aggregated AB1-42, a low-
molecular weight AB1-42, prepared as described above, was made up as a 110 uM solution in
27% DMSO and 1x PBS. This solution was then allowed to aggregate at 37°C for 24 hrs
after which the following were added: 3.3 or 0.33 uM pre-diluted antibody, and 10 gM
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thioflavin T. Tﬁis resulted in a molar ratio of 1:10 and 1:100 antibody to AS1-42, containing
8.2% DMSO. This solution was then incubated for additional 24 hrs at 37°C. The
spectrofluorescence was then measured and % disaggregation calculated as described above.

Antibody ACI-24-Ab-3 showed a significant disaggregation of pre-aggregated AS1-42
in the disaggregation assay. At an antibody to A1-42 molar ratio of 1:100 the disaggregation
averaged 12% (2 independent experiments), whereas at a 1:10 molar ratio the disaggregation
was 20% (2 independent experiments).

From the above results it is evident that ACI-24-Ab-3 exhibits bi-functionality in
interacting with Af 4, filaments, in that it 1s capa‘ble of inhibiting aggregation of AB1-42 and
disaggregation of preformed AS1-42 fibers.

Example 1.5: mACI-01Ab7 C2 —Af) 4, interactions

The interactions between antibody ACI-24-Ab-3 with amyloid peptide Af 4 is
studied using surface plasmon resonance. The binding of the mouse antibody to either
monomers or fibers of AB 4 1s determined.

All SPR experiments are carried out on a Biacore X imstrument (Biacore AB).
Reagents for immobilization (EDC, NHS and ethanolamine), sensor chips CMS5 and SA as
well as running and sample buffer HBS-EP are purchased from Biacore AB. Sodium acetate
(10 mM, pH 5.0) is used as coupling buffer to increase coupling yield. Fibrillar ASj4z
(BAchem) is prepared by adding PBS buffer to A4 to a final concentration of 3 mg/ml and
leaving the vials at 37 °C for 7 days. Fibrillar ABy4; is coupled to a CM35 sensor chip
containing a surface-bound carboxymethyl dextran matrix. Biotinylated monomeric AB).a2
(Bachem) is coupled to a Sensor chip SA consisting of carboxymethyl dextran matrix with
covalently attached Streptavidin. Typically four or five concentrations of mAb are assayed by
serial dilutions using running buffer. Injections are performed starting from the lowest
concentration and are passed over both fc 1 and 2 at a flow rate of 30 uL/min for 3 min. Flow
cell 2 1s underivatised and responses are subtracted from fc 1 to correct for instrument noise
and bulk refractive changes. After injection is finished, the surfaces are washed immediately
with running buffer for 5 min. To remove remaining bound antibody from the A8 fibrls,
surface regeneration is performed by injecting puises of 10 mM NaOH. Kinetic analysis is
performed using algorithms for numerical integration and global analysis using
BlIAevaluation 3.0. The curves obtained for injections of analyte at different concentrations
are overlaid and the baselines adjusted to zero. For curve fitting, all data are fit simultaneously
to a 1:1 homogeneous complex.

Binding of the mouse ACI-24-Ab-3 antibody to amyloid is determined,
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Exampie 1.6: Binding of ACI-24-Ab-3 Monoclonal Antibody to Amyloid Fibers

To analyze the molecular binding side of antibody ACI-24-Ab-3 on pre-formed fibers
negatively contrasted transmission electronic microscopy (TEM) is performed.

The antibody, ACI-24-Ab-3, is coupled with 8 nm colloidal gold according to Slot
JW, Geuze HJ (1985). For the co-incubation of amyloid 1-42 (AB1-42) fibers 6.65uM fibers
are incubated for 24h at RT with the gold-labeled antibody with the molar ratio of 1:100.
Subsequentty 5 ul of sample are incubated on the fresh glow-discharged Cu grid (mesh 200)
covered with parlodium/C film for 45 seconds, washed 3 times with water and 1 times with
2% fresh diluted and filtered uranyl acetate. Samples are stained in 2% urany! acetate for 15-
20 sec. Excess of stain on the grids is sucked and consequently air-dried. Three grids of each
sample are prepared. The grids are analyzed in transmission electron microscopy Hitachi
7000.

Example 1.7: Fractionation by Density-Gradient Ultracentrifugation

The properties of monoclonal antibody ACI-24-Ab-3 in inhibiting ABy.4» fiber
polymerization and disaggregating of ApBis-fibers is 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™).
Simultaneous analysis of populations of preformed Ap-fibers, disaggregation and inhibition
of aggregation properties of the co-incubated antibodies, and the binding of the antibodies to
the fibers are obvious advantages of this methods.

For the inhibition of AB)4; aggregation, ASB;4; monomers are incubated with mADb
ACI-24-Ab-3 at two different molar ratios (molar ratio of monomer AB;.4; thirty- or hundred-
fold higher than mAb) with the AS final concentration of 50 uM. After 24 hrs incubation at
37°C, samples are overlayed over a discontinuous gradient of Optiprep™ and tubes are spun
at 259 000 g for 3 hrs at 4°C. 15 fractions are harvested (140 pL each), fraction 1 is the least
dense fraction from the top of the gradient and fraction 15 is the densest fraction from the
bottom of the gradient. The pellet is also taken. The coliected fractions are analyzed by SDS-
PAGE with silver staining. The concentration AB;.4, for mhibition assays is five times less
than for disaggregation assays which decrease amyloid aggregation kinetic and ensure
measurement within the linear phase.

For the disaggregation of preformed Af).4; fibrils by co-incubation with mAb ACI-24-
Ab-3 (at two different molar ratios 1:30 and 1:100, mAb + Monomer AS,.4; with the A8 final
concentration of 246 uM), the samples are incubated for 24 hours at 37°C. After 24 hrs
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samples are fractioned by ultracentrifugation and separated by SDS-PAGE as described above
and before (Rzepecki et al., 2004).

Example 1.8: Fluorescent Assay to Assess Inhibitien of AB:4; Filament Aggregation and
Disaggregation of Preformed AB,.4; Filaments by Co-Incubation with mAb ACI-24-Ab-3
BIS-ANS fluorescent assay '

To assess the inhibition properties of the mAb the BIS-ANS (LeVine, 2002)
fluorescent assay is used which specifically detects the monomer or non-fibrillous population
of APy filaments. Before fluorescent measurement, AB).4; monomers are pre-incubated with
either buffer, served as control, or mAb ACI-24-Ab-3 (molar ratio 1:100, mAb vs. ABia
peptide) for 14 hours at 37°C. Relative fluorescent units are automatically recorded and
results are expressed as changes to the control in percentage.

Example 1.9: NMR and Fluorescence Characterization of the Interaction of ACI-24-Ab-
3 Monocional Antibody with *C-labeled 8-Amyloid 1-42 Peptide

To evaluate the potential mechanism by which the mAb solubilize pre-formed fibers
or inhibit fiber formation, a head-to-head-experiment between Th-T fluorescent assay and
solid-state NMR of U-""C Tyr10 and Vall2-labeled S-amyloid 1-42 peptide is performed..
Therefore the aim of this investigation is to follow the 5-sheet transition by solid state NMR
speciroscopy in the S-amyloid peptide and in the presence of the monoclonal antibody and to
directly compare this with disaggregation capacity measured by Th-T fluorescent assay.

Solid-state NMR spectroscopy not only detects a transition in the secondary structure,
but it also allows to localize the domains of the AB;.4z-peptide which dominate the structural
transition. Solid-state NMR has proven its applicability to the problem as it has contributed to
the structure determination of the AB; 42~ fibers (Petkova et al.,, 2004, Petkova et al., 2002). In
particular the corrélation of the 13C, and *Cs chemical shift with the secondary structure
(Comnilescu et al.,, 1999, Luca et al., 2001, Iwadate et al, 1999} is a valuable tool to test
changes of the secondary structure within a peptide.

The synthesis of the peptide labeled including a Be pre-labeled valine at position 12
("*Val) and a '°C pre-labeled tyrosine at position 10 (**Tyr) is performed by an Fmoc
synthesis protocol. Identity and purity of the peptide are confirmed my MALDI mass
spectroscopy. The labeled S-amyloid peptide (1-42) is used to generate fibers by incubating
the peptide solution in PBS buffer for 1 week at 37°C. The major problem, the poor solubility
of the amyloid S-peptide in PBS buffer, could be solved in the following manner: The pH

value of the PBS buffer is temporarily increased by tiny amounts of ammonia to dissolve the
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amyloid S-peptide. The original pH value of the PBS buffer is re-obtained by incubating the
sample in the presence of a bigger PBS bath using the volatile character of ammonia.

To measure the effect of the S-sheet breaking antibodies, solution of fibers are
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 is used for Th-T fluorescent assay and the
remaining solution is lyophilized for the NMR measurements. '

The disaggregation capacities of ACI-24-Ab-3 is analyzed by co-incubation with pre-
formed 13C-labeled amyloid S-fibers using Th-T fluorescent assay.

To investigate the differences between PBS (control) and mAb incubation each
spectrum is deconvoluted using PeakFit (www.systat.com/- products/PeakFit). The lines are
well matched by employing a mixed Lorentzian/Gaussian fitting procedure.

Example 1.10: Functionality of ACI-24-Ab-3 on Amyloid Fibers
12.1  Modification of Conformation of AS1-42 Fibers and Initiation of Disaggregation after
Binding of the ACI-24-Ab-3 antibody

In order to evaluate the mechanism by which the antibody is capable to disaggregate
preformed beta-amyloid (AB4;) fibers a head-to-head comparison of Thioflavin-T (Th-T)
fluorescent assay is performed measuring disaggregation and solid-state Nuclear Magnetic
Resonance (NMR) of U->C Tyrosine 10 and Valine 12-labelled AB1-42 peptide analysing
secondary conformation. |

Example 1.11: Epitope mapping of monoclonal antibody ACI-24-Ab-3

Epitope mapping of the monoclonal antibody ACI-24-Ab-3 was performed by ELISA
using a peptide library comprising a total of 33 biotinylated peptides covering the complete
amino acid (aa) sequence of AB1-42 (produced by Mimotopes, Clayton Victoria, Australia
and purchased from ANAWA Trading SA, Wangen Switzerland). The peptides in the peptide
library were composed of 8, 9 or 10-mer aa peptides. A biotinylated complete AB1-42 peptide
(buman sequence) was used as positive control (Bachem, Bubendorf, Switzerland). In
addition, longer peptides covering AB31-28, AB17-40, AB1-40 and AB1-42 were used to define
the broader region to which these antibodies may bind. These 4 peptides were also
biotinlyated (manufactured by Anaspec and purchased from ANAWA Trading SA,
Switzerland). Epitope mapping was done according to the manufacturer’s (Mimotopes)
instructions. Briefly, Streptavidin coated plates (NUNC, Roskilde, Denmark) were blocked
with 0.1% BSA in PBS overnight at 4°C. After washing with PBS-0.05% Tween 20, plates
were coated for 1 hour at RT with the different peptides from the library, diluted in 0.1%
BSA, 0.1% Sodium Azide in PBS to a final concentration of 10 uM. After washing, plates
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were incubated for 1 hour at RT with the different antibodies, diluted to 10pg/ml for ACI-24-
Ab-3 in 2% BSA, 0.1% Sodium Azide in PBS. Plates were washed again and incubated with
alkaline phosphatase conjugated goat anti mouse IgG (Jackson Immunresearch West Grove,
PA, USA) for 1h at RT. After final washing, plates were incubated with phosphatase substrate
(pNPP, Sigma-Aldrich, St Louis, MO, USA) and read after 3 hours of incubation at 405 nm
using an ELISA plate reader.

ACI-24-Ab-3 was surprisingly found not to bind significantly to AB1-42 and also did
not show any binding to any of the other peptides in the library, despite its capacity to inhibit
the aggregation of A81-42.

To determine whether ACT-24-Ab-3 may recognize other AP peptides the binding to
AB1-28, AB17-40, and AB1-40 and AB1-42 was evaluated. ACI-24-Ab-3 showed no binding
to AB17-40, no or low binding to A31-28 and AB1-42 but showed significant binding to AS1-
40. This result suggests that ACI-24-Ab-3 may be specific for AB1-40.

Example 1.12: Influence of Passive Vaccination with ACI-24-Ab-3 on Brain
Amyloid Lead in Single Transgenic hAPP Mice

To assess the in vive capacity of the ACI—24-Ab;3 monoclonal antibody to bind and
clear soluble amyloid out of the brain, 6 month old single hAPP mice, gender and age
matched, are used for a passive immunization study with different dose. Soluble Amyloid
load is analyzed at the end of the study by harvesiing the brain of the animals and by
performing an Af 1-40 and AS 1-42 specific ELISA (TGC, Germany).

8-13 animals per group receive two injections at an interval of one week of 100, 300
and 1000ug monoclonal antibody in 200ul PBS whereas injection of PBS alone serves as
control. One day after the second injection animals are sacrificed for biochemical analysis of
soluble amyloid fraction. To quantify the amount of human AB 1-40 and human AS 1-42 in
the soluble fraction of the brain homogenates and/or in cerebrospinal fluid (CSF),
commercially available Enzyme-Linked-Immunosorbent-Assay (ELISA) kits are used (h
Amyloid 8 40 or 8 42 ELISA high sensitive, TGC, Switzerland). The ELISA is performed
according to the manufacturer’s protocol. Briefly, standards (a dilution of synthetic A 1-40
or AB 1-42) and samples are prepared in a 96-well polypropylene plate without protein
binding capacity {Greiner, Germany). The standard dilutions with final concentrations of
1000, 500, 250, 125, 62.5, 31.3 and 15.6 pg/ml and the samples are 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
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the samples are within the linear part of the standard curve, the samples for A8 40 analysis are
diluted 2:3, the samples for AS 42 analysis are not diluted.

Samples, standards and blanks (50 pl) are added to the anti- A8 -coated polystyrol
plate (capture antibody selectively recognizes the C-terminal end of the antigen) in addition
with a selective anti- Af -antibody conjugate (biotinylated detection antibody) and incubated
overnight at 4°C in order to allow formation of the antibody-Amyloid-antibody-complex. The
following day, a Streptavidine-Peroxidase-Conjugate is added, followed 30 minutes later by
the addition of a TMB/peroxide mixture, resulting in the conversion of the substrate into a
colored product and the color intensity is measured by means of photometry with an ELISA-
reader with a 450 nm filter. Quantification of the AP content of the samples is obtained by
comparing absorbance to the standard curve made with synthetic A3 1-40 or A 1-42. Data
are expressed as individual changes to mean control value (in percent to control).

Exampie 1.13: Influence of Chronic Passive Administration of ACI-24-Ab-3 on
Plague Load in Double Transgenic RAPPxPS1 Mice

To assess the in vivo capacity of the ACI-24~Abm3 monoclonal antibody to bind and
reduce amyloid plaques in the brain, 3.5 month old double transgenic hAPPxPS1 mice,
gender and age matched, are used for a 4 month long chronic passive immunization study.
Amyloid plagues are analyzed at the end of the study by histochemistry of the brain of the
animals by binding of Thioflavin S.

15 transgenic animals receive 16 weekly injections of 500ug monoclonal antibody in
PBS. 15 animals are injected with PBS alone, serving as controls. All injections are given
intra-peritoneally. At sacrifice, mice are anaesthetized and flushed trans-cardially with
physiological serum at 4°C to remove blood from the brain vessels. Subsequently, the brain is
removed from the cranium and hindbrain and forebrain are separated with a cut in the
coronal/frontal plane. The forebrain is divided evenly into left and right hemisphere by using
a midline sagittal cut. One hemisphere is post-fixed overnight in 4% paraformaldehyde for
histology. Sagittal vibratome sections (40 pm) are cut for free floating incubations and stored
at 4°C until staining in PBS with 0.1% sodium azide. Five sections at different levels are
stained for dense plaques with Thioflavin S. Sections of all animals used are randomized for
staining and blind quantification. Images are acquired with a Leica DMR microscope
equipped with a Sony DXC-9100P camera and analyzed with a computer using Leica Q-Win
software. Light intensity and condenser settings for the microscope are kept constant
throughout the image acquisition process. All acquired images are subjected to the same

computer subroutines to minimize investigator bias. Density slice thresholding is applied
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uniformly throughout analysis. The area of the subiculum is selected for automatic
guantification of the amyloid load in the Thioflavin S staining.
Example 1.14: Influence of Passive Vaccination with ACI-24-Ab-3 on Memory
Capacity in Single Transgenic hAPP Mice

To analyze the in vivo capacity of the ACI-24-Ab-3 antibody to modify or increase
cognitive functionality, 9 month old single hAPP mice, gender and age matched, are used for
passive immunization study. Non-spatial cognition is measured at the end of the
immunization period assed by new Object Recognition Task (ORT).

12 animals per group receive two intra peritoneal mjections of 400pg monoclonal
antibody in 200ul PBS whereas injection of PBS alone serves as control. One day after the
second injection cognitive capability are studied in a new Object Recognition Task (ORT)"™
13 For ORT enroliment mice are placed for 10 minutes into a behavioral arena and faced to a
new unknown object, Exploration time is recorded. Three hours later the same animals are 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 are recorded and
resulting cognition index is calculated as the ratio of exploration time for the new object
related to total exploration time and expressed as proportional changes to the control.

Exampie 1.15 — Preferential Binding of the Mouse Monoclonal Antibody to High
Molecular Weight (HMW) Proto-Fibrillar (PF) Oligomer enriched preparation of Af
1-42 Peptide Over Low-Molecular Weight (LMW) Monomers

The binding of mouse anti-amyloid beta monoclonal antibodies to low molecular
weight (LMW) monomer AS 142 Peptide and higher molecular weight proto-fibrillar (PF),
oligomer enriched preparations of AS1-42 peptide may be performed using ELISA.

Size exclusion chromatography (SEC) using 2 SEC columns, Superdex 75 HR 10/30
(Range 3-70 kDa) and Superose 6 HR 10/30 (Range 5-5,000 kDa), was used to prepare A1~
42 peptide fractions comsisting of higher-molecular weight (HMW) proto-fibrillar (PF)
oligomer enriched and low-molecular weight (LMW) monomer preparations of AfS1-42
peptide. The resulting eluates were then stained with uranyl acetate and examined by high-
resolution transmission electron microscopy (TEM) at 100kV to verify the structural
morphology of the eluted AB1-42 fractions. 7

An ELISA was then performed by coating the AS1-42 fractions onto high-binding
assay plate at 2 gM over night. The coated plate was then blocked with 1.0% BSA and the
ACI-24-Ab-3 (mouse EJ1A9) antibody is added in a serial dilution starting at 20 ug/ml. A
serial dilution of a standard antibody (6E10, Chemicon) was also used. Anti-mouse IgG
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antibody conjugated to alkaline phosphatase and 4-nitrophenyl phosphate was’ used for
detection of binding. Plates were read at 405 nm. All conditions were assayed in duplicate

with coefficient of variation (CV) <0.2..

Binding of the mouse anti-Af antibody ACI-24-Ab-3 (mouse EJ1A9) and the control
antibody 6E10 was measured by ELISA. Table 1.4 and Figure 5 show optical density (O.D.)
values for the ACI-24-Ab-3 {mouse EJ1A9) antibody upon binding to proto-fibrillar (PF)
oligomer enriched and LMW monomer preparations of the human Af1-42 peptide. Table 1.5
and Figure 6 show optical density (O.D.) values for the 6E10 anti-Af1-42 contro} antibody
upon binding to proto-fibrillar (PF) oligomer enriched and LMW monomer preparations of
the human AB1-42 peptide.

These results indicate that ACI-24-Ab-3 monoclonal antibody shows stronger binding
to AB1-42 peptides having higher-order PF/oligo morphology than that of LMW monomeric
peptide. Furthermore, these results suggest that ACI-24-Ab-3 binds to an epitope that is
preferentially displayed on proto-fibrillar (PF) oligomer enriched fractions of AB1-42.

Example 1.16: Binding of Monoclenal Antibody ACI-24-Ab-3 to Monomers and
Oligomers of the Amyloid § 1-42 Peptide

The binding of the anti-amyloid 2 antibody ACI-24-Ab-3 (clone: EJ1A9) to
monomers and oligomers of the AB1-42 peptide was assessed. Before being used in the
study, the antibody was stored at -80°C. The AP1-42 peptide (W.M. Keck Facility, Yale
University) was stored as lyophilized powder until the day of use. All other materials were

from Sigma-Aldrich (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland) unless indicated.

To prepare monomers and higher molecular fractions with improved oligomer-
enrichment of AR1-42 peptide, an improved methodology was used employing size exclusion
chromatography (SEC). Two SEC columns, Supelco TSK G4000PW-XL (range: 10-1500
kDa; Sigma) and Superose 6 HR 10/30 (range 5-5,000 kDa; GE Healthcare Bio-Sciences AB
Uppsala, Sweden), were used to prepare AB1-42 peptide fractions enriched in LMW
monomer and higher weight oligomer fractions. The resulting SEC eluates were then stained
with uranyl acetate and examined by high-resolution transmission electron microscopy (TEM)
at 100kV to verify the structural morphology of the AfB1-42 fractions {not shown). To
investigate the binding of the antibody to the AB1-42 fractions, an ELISA was performed.
Af1-42 fractions were coated onto high-binding assay plates at 2.2 uM in PBS for 2 hrs. The
coated plates were then washed five times with 0.05% Tween-20 in PBS and blocked with
1.0% BSA. Anti-AfS antibodies, including the control antibody(6E10) were added in a serial
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dilution starting at indicated concentrations. Anti-mouse IgG antibody conjugated to alkaline
phosphatase (Jackson ImmunoResearch, Suffolk, England), and 4-nitrophenyl phosphate was
used for deteciion of binding. Plates were read at 405 nm following a 14 hr incubation at
room temperature. The assay was repeated three times. Figure 7 shows the mean (= SEM)
optical density (0.D.) values obtained from the three separate ELISA assays. Antibody ACI-
24-Ab-3 demonstrated superior binding to the AS1-42 preparation enriched in oligomers as
compared to the fraction not enriched in oligomers, and consisting primarily of AS1-42
monomers (Figure 7A). In comparison, the control antibody 6E10 bound equally well to both
AB1-42 fractions. Tables 1.6 and 1.7 show the O.D. values obtained in ELISA assays 1, 2,
and 3, for antibodies ACI-24-Ab-3 and 6E10, respectively.

These results indicate that the antibody ACI-24-Ab-3 (clone: EJ1A9) shows superior
binding affinity to oligomer-enriched preparations of AfS1-42 than it does to monomeric

preparations of AGI-42.

EXAMPLE 2: Antibody Generated Through Immunization with a Pegylated

Supramolecular Antigenic Construct
Example 2.1: Methods for Making Supramolecular Antigenic Constructs

2.1.1 Synthesis of Pegylated $-amyloid peptide antigen

To enhance the immune response, an anchor/spacer has been applied to reconstitute
the peptide in the liposome, e.g. polyethylene glycol (PEG). PEG was covalently attached to
the lysine residue bound at both termini of the peptide. At the other end of the chain (PEG
n=70) phosphatidy! ethanol amine (PEA) was covalently bound to function as the anchoring
element in the liposome bilayer. Thus, 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 supramolecular constructs described herein were uniquely synthesized using
standard Fmoc/tBu amino acid side-chain protections. Typically, pegylation of peptides
results in mixtures of regioisomers. Herein a convenient method for the site-specific
attachment of a PEG-lipid conjugate to both the C- and N- terminus of A is demonstrated
using partially protected peptides.

For those peptide sequences containing internal Lys or His residues (22-35), an
orthogonally protected Lys(ivDde) was added to each terminus. An additional Gly was added
to 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 1vDde groups was
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achieved with 3 % hydrazine hydrate in DMF for one hour. The 2-chlorotrityl resin was
favored over the more widely used Wang resin since the former proved to be much more
resistant to hydrazinolysis. Furthermore, the 2-chlorotrityl resin is extremely acid sensitive
and thus, unlike the Wang resin, enables the isolation of protected peptides. Indeed, it was
necessary to perform the coupling reaction in the solution phase as coupling of the resin-
bound peptide to 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 / trifluoroethanol / dichloromethane, 1:1:8, 1h, rt) gave the internally protected peptides.

Solution-phase couplings were achieved successfully with the peptides derived from
sequence ABr.as and Afagag, respectively, to DSPE-PEG-SPA in DMSO and excess base.
The reactions were then quenched by the addition of excess ethanolamine for 2 h and the
solution lyophilized.

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

Purification by HPLC (semi-preparative reverse-phase Cy4 column) gave between 50-
70% purity of the N- and C- terminal PEG-lipid conjugates whose identities were confirmed
by MALDI (matrix assisted laser desorption ionization). Each sequence showed considerable
variation in the ease of the coupling reaction and conditions were adjusted accordingly
(temperatare, 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 deprotections can be achieved by
using cation-exchange chromatography. Subsequent peptide side-chain deprotections and
separation of the excess quenched DSPE-PEG-SPA leads to the isolation of the desired
conjugates with an acceptable purity.

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

Exampie 2.2: Antibodies Elicited by Supramolecular Antigenic Constructs

Manufacturing of mAbs raised against Pegylated ABsy.35 and AfBso.40 Supramolecular

Antigenic Constructs
Liposomal antigens were prepared as described (Nicolau et al., 2002, PNAS, 99, 2332-

37). The sequences PEG-ApBs2.15s and -Afre.40 were reconstituted in a construct consisting of
liposomes made of dimyristoyl phosphatidyl choline (DMPC), dimyristoyl phosphatidyl
ethanolamine (DMPEA), dimyristoyl phosphatidyl glycerol (DMPG) and cholesterol (0.9:
0.1: 0.1: 0.7 molar ratios) containing monophosphoryl lipid A (40mg/mM phospholipids).

These antigens were used for the immunization in C57BL/6 mice in 2 week intervals. 10-12
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animals were immunized with each antigen. After 3 to 6 boostings, mice with therapeu;ic
titers (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 cells of myeloma cell line SP2-0. (ATCC, Manassas, VA)
using the well-known processes of Kohler and Milstein (Nature 256: 495-497 (1975)) and
Harlow and Lane (Antibodies: A Laboratory Manual (Cold Spring Harbor Laboratory, New
York 1988)}

The cells were induced to fuse by the addition of polyethylene glycol. The resulting
hybrid cells were then cloned in the conventional manner, e.g. using limiting dilution. 1gG
producing hybridoma clones were selected and tested for their specific binding to the AfS;42
peptide by ELISA and the resulting clones, which produce the desired monoclonal antibodies,
cultured.

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

Hybridomas were subsequently screened for the ability to produce monoclonal
antibodies against specific amyloid-associated diseases or disorders. Hybridomas producing
antibodies of interest were cloned, expanded and stored frozen for future production. The
preferred hybridomas produce monoclonal antibodies having the IgG isotype.

Example 2.3: Specificity Determination for Antibodies ACI-11-Ab-9 and ACI-12-Ab-11

To analyze the specificity of the antibody ACI-11-Ab-9 and ACI-12-Ab-11, different
concentrations of pre-formed Amyloid 1-42, 1-40 and 17-40, 1-28 fibrils are blotted onto
Hybond ECL Nitrocellulose Membrane (Amersham Biosciences). After blocking with 10%
dry milk and 0.7 % Tween 20, membranes are incubated with primary antibody at 20 pug/ml
for 2h at RT. After washing, membranes are incubated with horse radish peroxidase
conjugated sheep anti-mouse IgG antibody (Amersham Biosciences) for 1 h at RT, washed
and incubated with cheminluminescent sclution followed by the exposure of the membrane to
X-ray film.

To measure binding of the mAb ACI-11-Ab-9 and ACI-12-Ab-11 to amyloid B 1-42,
1-40 and 17-40, 1-28 fibers are pre-formed for seven days at 37°C and blotted on the
membrane. 20 pg/m] antibody is used to measure binding capacity and the bound antibody is
detected by horse radish peroxidase conjugated sheep anti-mouse IgG antibody for 20 minutes

of exposure.
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Example 2.4: Thioflavin T (Th-T) Fluorescent Assay

To measure both inhibition of aggregation as well as disaggregation properties of the
mAbs the Thioflavin T (Th-T) fluorescent assay was used which specifically binds to fibrillar
A4 molecules and subsequently the fluorescent emission intensity correlates with the
amount of A, filaments present in the solution.

AB1-42 lyophilized powder was reconstituted in hexaflucroisopropanol (HFIP) to 1
mM. The peptide solution was sonicated for 15 min at room temperature, agitated overnight,
and aliquots made into non-siliconized micmcentriﬁige tubes. The HFIP was then evaporated
under a stream of argon. The resulting peptide film was vacuum dried for 10 min and stored
at -80°C until used.
2.4.1 AfB1-42 aggregation assay

To assay for the antibody-mediated inhibition of AB1-42 aggregation the antibody was
pre-diluted in PBS and an assay solution containing the following components was made in a
non-siliconized incubation tube: 3.3 or 0.33 uM pre-diluted antibody, 10 M thioflavin T, 33
M AB1-42, and 8.2% DMSOQ. Therefore the final molar ratios of antibody to Af31-42 were
1:10 and 1:100. Appropriate control solutions were also prepared. The solutions were then
incubated for 24 hrs at 37°C, and the spectrofluorescence (relative fluorescence umits; RFU)
read in six replicates in black 348-well plates (Perkin-Elmer) on a Perkin-Elmer FluoroCount
spectrofluorometer. Inhibition of aggregation or disaggregation is expressed as mean %
inhibition or disaggregation, respectively, according to the following equation

% inhibition = (REYU_of pos contd — RFU of neq contrl) — (RFU of sample with AB1-42 - RFY of sample without AR1-42) x
100%
{RFU of pos conirt — RFU of neg conird)

Antibody ACI-11-Ab-9 showed a significant inhibition of AB1-42 aggregation as
compared to the control. At an antibody to AS1-42 molar ratio of 1:100 the inhibition

averaged 34% (3 independent experiments), whereas at a 1:10 molar ratio the inhibition was
69% (2 independent expenments).

Antibody ACI-12-Ab-11 also showed a significant inhibition of A81-42 aggregation
as compared to the control. At an antibody to AS1-42 molar ratio of 1:100 the inhibition
averaged 30% (2 independent experiments), whereas at a 1:10 molar ratio the inhibition was
66% (2 independent experiments),

2.42 Ap1-42 disaggregation assay

To measure the disaggregation properties of the mAb the Thioflavin T (ThT)
fluorescent assay was used which specifically binds to fibrillar AfBi4; molecules and
subsequently the fluorescent emission intensity correlates with the amount of A 4> filaments
present in the solution.
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To assay for antibody-mediated disaggregation of pre-aggregated AfS1-42, a low-
molecular weight AB1-42, prepared as described above, was made up as a 110 uM solution in
27% DMSO and 1x PBS. This solution was then allowed to aggregate at 37°C for 24 hrs
after which the following were added: 3.3 or 0.33 uM pre-diluted antibody, and 10 yM
thioflavin T. This resulted in a molar ratio of 1:10 and 1:100 antibody to AB1-42, containing
8.2% DMSO. This solution was then incubated for additional 24 hrs at 37°C. The
spectrofluorescence was then measured and % disaggregation calculated as described above.

Antibody ACI-11-Ab-9 showed a significant disaggregation of pre-aggregated AS1-42
in the disaggregation assay. At an antibody to AB1-42 molar ratio of 1:100 the disaggregation
averaged 22% (3 independent experiments), whereas at a 1:10 molar ratio the disaggregation
was 52% (3 independent experiments).

Antibody ACI-12-Ab-11 also showed a significant disaggregation of pre-aggregated
AB1-42 in the disaggregation assay. At an antibody to AS1-42 molar ratio of 1:100 the
disaggregation averaged 18% (2 independent experiments), whereas at a 1:10 molar ratio the
disaggregation was 54% (2 independent experiments).

From the above results it is evident that antibodies ACI-11-Ab-9 and ACI-12-Ab-11
exhibit bi-functionality in interacting with AB) 4 filaments, in that both antibodies are capable
of inhibiting aggregation of AB1-42 and disaggregation of preformed AS31-42 fibers.

Example 2.5: ACI-11-Ab-9 and ACI-12-Ab-11 Interactions

The interactions between antibodies ACI-11-Ab-9 and ACI-12-Ab-11 with amyloid
peptide AB.4, is studied using surface plasmon resonance. The binding of the mouse antibody
to either monomers or fibers of A4z 1s determined.

All SPR experiments are carried out on a Biacore X instrument (Biacore AB).
Reagents for immobilization (EDC, NHS and ethanolamine), sensor chips CM5 and SA as
well as running and sample buffer HBS-EP are purchased from Biacore AB. Sodium acetate
(10 mM, pH 5.0) is used as coupling buffer to increase coupling yield. Fibrillar Af o
{BAchem) is prepared by adding PBS buffer to AB.4; to a final concentration of 3 mg/mi and
leaving the vials at 37 °C for 7 days. Fibrillar A4 is coupled to a CM5 sensor chip
containing a surface-bound carboxymethyl dextran matrix. Biotinylated monomeric AfS;.4
(Bachem) is coupled to a Sensor chip SA consisfing of carboxymethyl dextran matrix with
covalently attached Streptavidin. Typically four or five concentrations of mAb are assayed by
serial dilutions using running buffer. Injections are performed starting from the lowest
concentration and are passed over both fc 1 and 2 at a flow rate of 30 pL/min for 3 min. Flow

cell 2 is underivatised and responses are subtracted from fc 1 to correct for instrument noise
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and bulk refractive changes. After injection is finished, the surfaces are washed immediately
with running buffer for § min. To remove remaining bound antibody from the AB;.4; fibnls,
surface regeneration is performed by injecting pulses of 10 mM NaCH. Kinetic analysis is
performed using algorithms for numerical integration and global analysis using
BlAevaluation 3.0. The curves obtained for injections of analyte at different concentrations
are overlaid and the baselines adjusted to zero. For curve fitting, all data are fit simultaneously
to a 1:1 homogeneous complex.

Binding of the mouse ACI-11-Ab-9 and ACI-12-Ab-11 antibodies to amyloid is
determined.

Example 2.6: Binding of ACI-11-Ab-9 and ACI-12-Ab-11 Monoclenal Antibodies to
Amyloid Fibers

To analyze the molecular binding side of antibodies ACI-11-Ab-9 and ACI-12-Ab-11
on pre-formed fibers negatively contrasted transmission electronic microscopy (TEM) is
performed.

The antibodies ACI-11-Ab-9 and ACI-12-Ab-11 are coupled with & nm colloidal gold
according to Slot JW, Geuze HJ (1985). For the co-incubation of amyloid 1-42 (Ap1-42)
fibers 6.65uM fibers are incubated for 24h at RT with the gold-labeled antibody with the
molar ratio of 1:100. Subsequently 5 ul of sample are incubated on the fresh glow-discharged
Cu grid (mesh 200) covered with parlodium/C film for 45 seconds, washed 3 times with water
and 1 times with 2% fresh diluted and filtered uranyl acetate. Samples are stained in 2%
urany! acetate for 15-20 sec. Excess of stain on the grids is sucked and consequently air-dried.
Three grids of each sample are prepared. The grids are analyzed in transmission electron
microscopy Hitachi 7000,

Example 2.7: Fractionation by Density-Gradient Ultracentrifugation

The properties of monoclonal antibodies ACI-11-Ab-9 and ACI-12-Ab-11 in
inhibiting AB)4, fiber polymerization and disaggregating of Afsp-fibers are studied by
density-gradient ultracentrifugation (Rzepecki et al., 2004) which is based on the principle fo
distribute between differently sized resuiting peptide fibers afier incubation with and without
antibodies followed by a SDS-PAGE sedimentation analysis on a preformed gradient
(OptiPrep™). Simultaneous analysis of populations of preformed Af-fibers, disaggregation
and inhibition of aggregation properties of the co-incubated antibodies, and the binding of the
antibodies to the fibers are obvious advantages of this methods.

For the inhibition of AfB,4; aggregation, AB).4> monomers are incubated with mAb
ACI-11-Ab-9 and ACI-12-Ab-11, respectively, at two different molar ratios (molar ratio of
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monomer Af).q; thirty- or hundred-fold higher than mAb) with the A final concentration of
50 uM. After 24 hrs incubation at 37°C, samples are overlayed over a discontinuous gradient
of Optiprep™ and tubes are spun at 259 000 g for 3 hrs at 4°C. 15 fractions are harvesied
(140 uL each), fraction 1 is the least dense fraction from the top of the gradient and fraction
15 is the densest fraction from the botiom of the gradient. The pellet is also taken. The
collected fractions are analyzed by SDS-PAGE with silver staining. The concentration Af.q
for inhibition assays is five times less than for disaggregation assays which decrease amyloid
aggregation kinetic and ensure measurement within the linear phase.

For the disaggregation of preformed A, .4, fibrils by co-incubation with mAb ACI-11-
Ab-9 and ACI-12-Ab-11 (at two different molar ratios 1:30 and 1:100, mAb + Monomer AS;.
42 with the AS final concentration of 246 M), the samples are incubated for 24 hours at 37°C.
Afier 24 hrs samples are fractioned by ultracentrifugation and separated by SDS-PAGE as
described above and before (chpeéki et al., 2004).

Example 2.8: Fluorescent Assay to Assess Inhibition of AfS;; Filament Aggregation and
Disaggregation of Preformed Af, 4, Filaments by Co-Incubation with mAb ACI-11-Ab-9
and ACI-12-Ab-11, Respectively.

BIS-ANS fluorescent assay

To assess the inhibition properties of the mAb the BIS-ANS (LeVine, 2002)
fluorescent assay is used which specifically detects the monomer or non-fibrillous population
of ABi.4 filaments. Before fluorescent measurement, AB3.42 monomers are pre-incubated with
either buffer, served as conirol, or mAb ACI-11-Ab-9 and ACI-12-Ab-11 (molar ratio 1:100,
mADb vs. ABjs peptide) for 14 hours at 37°C. Relative fluorescent units are automatically
recorded and results are expressed as changes to the control in ﬁercentage.
Example 2.9: NMR and Fluorescence Characterization of the Interaction of ACE-11-Ab-

9 and ACI-12-Ab-11 Monoclonal Antibody with PC-Labeled $-Amyloid 1-42 Peptide

To evaluate the potential mechanism by which the mAb solubilize pre-formed fibers
or inhibit fiber formation, a head-to-head-experiment between Th-T fluorescent assay and
solid-state NMR of U->C Tyr10 and Vall2-labeled S-amyloid 1-42 peptide is performed.
Therefore the aim of this investigation is to follow the S-sheet transition by solid state NMR
spectroscopy in the S-amyloid peptide and in the presence of the monoclonal antibody and to
directly compare this with disaggregation capacity measured by Th-T fluorescent assay.

Solid-state NMR spectroscopy not only detects a transition in the secondary structure,
but it also allows to localize the domains of the Afy 4»-peptide which dominate the structural

transition. Solid-state NMR has proven its applicability to the problem as it has contributed to
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the structure determination of the A 4- fibers (Petkova et al., 2004, Petkova et al,, 2002). In
particular the correlation of the '*C, and '3C; chemical shift with the secondary structure
(Comilescu et al., 1999, Luca et al., 2001, Iwadate et al, 1999) is a valuable tool to test
changes of the secondary structure within a peptide.

The synthesis of the peptide labeled including a '>C pre-labeled valine at position 12
(**val) and a "C pre-labeled tyrosine at position 10 ("“Tyr) is performed by an Fmoc
synthesis protocol. Identity and purity of the peptide are confirmed my MALDI mass
spectroscopy. The labeled S-amyloid peptide (1-42) is used to generate fibers by incubating
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 solved in the following manner: The pH
value of the PBS buffer is temporarily increased by tiny amounts of ammonia to dissolve the
amyloid S-peptide. The original pH value of the PBS buffer is re-obtained 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 are
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 is used for Th-T fluorescent assay and the
remaining solution is lyophilized for the NMR measurements.

The disaggregation capacities of ACI-11-Ab-9 and ACI-12-Ab-11 are analyzed by co-
incubation with pre-formed 13C-labeled amyloid G-fibers using Th-T fluorescent assay.

To investigate the differences between PBS (control} and mAb incubation each
spectrum is deconvoluted using PeakFit (http://www systat.com/- products/PeakFit). The
lines are well matched by employing a mixed Lorentzian/Gaussian fitting procedure.

Example 2.10: Functionality of ACI-11-Ab-9 and ACI-12-Ab-11 on Amyloid
Fibers
12.1 Modification of Conformation of AS1-42 Fibers and Initiation of Disaggregation after
Binding of the ACI-11-Ab-9 and ACI-12-Ab-11 Antibody

In order to evaluate the mechanism by which the antibodies are capable to
disaggregate preformed beta-amyloid (AfS;42) fibers a head-to-head comparison of
Thioflavin-T (Th-T) fluorescent assay is performed measuring disaggregation and solid-state
Nuclear Magnetic Resonance (NMR) of U-PC Tyrosine 10 and Valine 12-labelled AS1-42

peptide analysing secondary conformation.
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Example 2.11: Epitope Mapping of Monoclonal Antibodies ACI-11-Ab-9 and ACI-
12-Ab-11

Epitope mapping of the monoclonal antibodies ACI-11-Ab-9 and ACI-12-Ab-11 was
performed by ELISA using a peptide library cofnprising a total of 33 biotinylated peptides
covering the complete amino acid (aa) sequence of AB1-42 (produced by Mimotopes, Clayton
Victoria, Australia and purchased from ANAWA Trading SA, Wangen Switzerland). The
peptides in the peptide library were composed of 8, 9 or 10-mer aa peptides. A biotinylated
complete AB1-42 peptide (human sequence) was used as positive control (Bachem,
Bubendorf, Switzerland). In addition, longer peptides covering AB1-28, AB17-40, AB1-40 and
AB1-42 were used to define the broader region to which these antibodies may bind. These 4
peptides were also biotinlyated (manufactured by Anaspec and purchased from ANAWA
Trading SA, Switzerland). Epitope mapping was done according to the manufacturer’s
(Mimotopes) instructions. Briefly, Streptavidin coated plates (NUNC, Roskilde, Denmark)
were blocked with 0.1% BSA in PBS overnight at 4°C. After washing with PBS-0.05%
Tween 20, plates were coated for 1 hour at RT with the different peptides from the library,
diluted in 0.1% BSA, 0.1% Sodium Azide in PBS to a final conceniration of 10 uM. After
washing, plates were incubated for 1 hour at RT with the different antibodies, diluted to
10ug/ml for antibodies ACI-11-Ab-9 and ACI-12-Ab-11 in 2% BSA, 0.1% Sodium Azide in
PBS. Plates were washed again and incubated with alkaline phosphatase conjugated goat anti
mouse 1gG (Jackson Immunresearch West Grove, PA, USA) for th at RT. After final
washing, plates were incubated with phosphatase substrate (pNPP, Sigma-Aldrich, St Louis,
MO, USA) and read after 3 hours of incubation at 405 nm using an ELISA plate reader.

ACI-11-Ab-9 was shown to bind significantly to AB1-42 , but was unable to bind to
any of the short peptides in the peptide library. It is therefore concluded, that the antibody
needs more than 8 aa to bind the epitope and/or that ACI-11-Ab-9 may recognize a
conformational epitope that is only present in the full length A 51-42.

ACI-12-Ab-11 also showed significant binding to Abl-42, but similarly to ACI-11-
Ab-9, ACI-12-Ab-11 did not bind to any of the short peptides in the peptide library.

To determine whether antibodies ACI-11-Ab-9 and ACI-12-Ab-11 may recognize
other AP peptides the binding to AB1-28, AB17-40, and AB1-40 and A31-42 was evaluated.

ACI-11-Ab-9 showed considerable binding to AB1-28, AB1-40 and AB1-42, but did
not show any binding to AB817-40.
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Taken together, these results suggest that the epitope of ACI-11-Ab-9 lies in region 1-
28 of AB and that the epitope is either longer than 8 aa and/or that the binding to A is
dependent on the conformation of AS.

ACI-12-Ab-11 showed significant binding to Abl-40 and Abl-42 but did not show
any binding to AB1-28 or to AB17-40. Thus, ACI-12-Ab-11 could only bind to full-length
AB1-40 and AB1-42 and not to any shorter peptides of AB. These results suggest that the
epitope recognized by ACI-12-Ab-11 is dependent on the conformation of AS as even 24- or
28-mers of A were insufficient for binding of the antibody.

Example 2.12: Influence of Passive Vaccination with ACE-11-Ab-9 and ACI-12-
Ab-11 on Brain Amyloid Load in Single Transgenic hAPP Mice

To assess the in vivo capacity of the ACI-11-Ab-9 and ACI-12-Ab-11 monoclonal
antibodies to bind and clear soluble amyloid out of the brain, 6 month old single hAPP mice,
gender and age matched, are used for a passive immunization study with different dose.
Soluble Amyloid load is analyzed at the end of the study by harvesting the brain of the
animals and by performing an A 1-40 and AS 1-42 specific ELISA (TGC, Germany).

8-13 animals per group receive two injections at an interval of one week of 1'00, 300
and 1000pg monoclonal antibody in 200ul PBS whereas injection of PBS alone serves as
control. One day after the second injection animals are sacrificed for biochemical analysis of
soluble amyloid fraction. To quantify the amount of human A8 1-40 and human AS 1-42 in
the soluble fraction of the brain homogenates and/or in cerebrospinal fluid (CSF),

" commercially available Enzyme-Linked-Immunosorbent-Assay (ELISA) kits are used (h
Amyloid 8 40 or 8 42 ELISA high sensitive, TGC, Switzerland). The ELISA is performed
according to the manufacturer’s protocol. Briefly, standards (a dilution of synthetic A 1-40
or AB 1-42) and samples are prepared in a 96-well polypropylene plate without protein
binding capacity (Greiner, Germany). The standard dilutions with final concentrations of
1000, 500, 250, 125, 62.5, 31.3 and 15.6 pg/ml and the samples are prepared in the sample
diluent, furnished with the ELISA kit, to a final volume of 60ul. 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 linear part of the standard curve, the samples for A 40 analysis are
diluted 2:3, the samples for A8 42 analysis are not diluted.

Samples, standards and blanks (50 pl) are added to the anti- Af -coated polystyrol
plate (capture antibody selectively recognizes the C-terminal end of the antigen) in addition
with a selective anti- Af -antibody conjugate (biotinylated detection antibody) and incubated

overnight at 4°C in order to allow formation of the antibody-Amyloid-antibody-complex. The
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following day, a Streptavidine-Peroxidase-Conjugate is added, followed 30 minutes later by
the addition of a TMB/peroxide mixture, resulting in the conversion of the substrate into a
colored product and the color intensity is measured by means of photometry with an ELISA-
reader with a 450 nm filter. Quantification of the AP content of the samples is obtained by
comparing absorbance to the standard curve made with synthetic A 1-40 or A3 1-42. Data
are expressed as individual changes to mean control value (in percent to controi).
Example 2.13: Influence of Chronic Passive Administration of ACI-11-Ab-9 and
ACI-12-Ab-11 on Plague Load in Double Transgenic hAPPxPS1 Mice

To assess the in vivo capacity of the ACI-11-Ab-9 and ACI-12-Ab-11 monocional
antibodies to bind and reduce amyloid plaques in the brain, 3.5 month old double transgenic
hAPPxPS1 mice, gender and age matched, are used for a 4 month long chronic passive
immunization study. Amyloid plagues are analyzed at the end of the study by histochemustry
of the brain of the animals by binding of Thioflavin S.

15 transgenic animals receive 16 weekly mjections of 500ug monoclonal antibody in
PBS. 15 animals are injected with PBS alone, serving as controls. All injections are given
intra-peritoneally. At sacrifice, mice are anaesthetized and flushed trans-cardially with
physiological serum at 4°C to remove blood from the brain vessels. Subsequently, the brain is
removed from the cranium and hindbrain and forebrain are separated with a cut in the
coronal/frontal plane. The forebrain is divided evenly into left and right hemisphere by using
a midline sagittal cut. One hemisphere is post-fixed overnight in 4% paraformaidehyde for
histology. Sagittal vibratome sections (40 pm} are cut for free floating incubations and stored
at 4°C until staining in PBS with 0.1% sodium azide. Five sections at different levels are
stained for dense plaques with Thioflavin S. Sections of all animals used are randomized for
staiming and blind quantification. Images are acquired with a Leica DMR microscope
equipped with a Sony DXC-9100P camera and analyzed with a computer using Leica Q-Win
software. Light intensity and condenser settings for the microscope are kept constant
throughout the image acquisition process. All acquired images are subjected to the same
computer subroutines to minimize investigator bias. Density slice thresholding is applied
uniformly throughout analysis. The area of the subiculum is selected for automatic
quantification of the amyloid load in the Thioflavin S staining.

Example 2.14: Influence of Passive Vaccination with ACI-11-Ab-9 and ACI-12-
Ab-11 on Memory Capacity in Single Transgenic hAPP Mice
To analyze the in vivo capacity of the ACI-11-Ab-9 and ACI-12-Ab-11 antibodies to

modify or increase cognitive functionality, & month cld single hAPP mice, gender and age
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matched, are used for passive immunization study, Non-spatial cognition is measured at the
end of the immunization period assed by new Object Recognition Task (ORT).

12 animals per group receive two intra peritoneal injections of 400pg monoclonal
antibody in 200ul PBS whereas injection of PBS alone serves as control. One day after the
second Injection cognitive capability are studied in a new Object Recognition Task (ORT)™*
1. For ORT enrollment mice are placed for 10 minutes into a behavioral arena and faced to a
new unknown object. Exploration time is recorded. Three hours later the same animals are 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 are recorded and
resulting cognition index is calculated as the ratio of exploration time for the new object

related to total exploration time and expressed as proportional changes to the control.

Example 2.15 - Preferential Binding of the Mouse Monoclenal Antibody to High
Molecular Weight (HMW) Proto-Fibrillar (PF) Oligomer enriched fractions of AS 1-42
Peptide over Low-Molecular Weight (LMW) Moromers '

The binding of mouse anti-amyloid beta monoclonal antibodies to low molecular
weight (LMW) monomer Af 1-42 and higher molecular weight proto-fibrillar (PF), oligomer
enriched preparations of AB1-42 peptide may be performed using ELISA.

Size exclusion chromatography (SEC) using 2 SEC columns, Superdex 75 HR 10/30
{Range 3-70 kDa) and Superose 6 HR 10/30 (Range 5-5,000 kDa), are used to prepare AS31-
42 peptide fractions consisting of higher-molecular weight (HMW) proto-fibrillar (PF),
oligomer enriched and low-molecular weight (LMW) monomer preparations of Af1-42
peptide. The resuiting eluates are then stained with uranyl acetate and are examined by high-
resolution transmission electron microscopy (TEM) at 100 kV to venfy the structural
morphology of the eluted AB1-42 fractions.

An ELISA is then performed by coating the AS1-42 fractions onto high-binding assay
plate at 2 uM over night. The coated plate is then blocked with 1.0% BSA and the ACI-24-
Ab-3 (mouse EJ1A9) antibody 1s added in a serial dilution starting at 20 ug/ml. A serial
dilution of a standard antibody (6E10, Chemicon) is also used. Anti-mouse IgG antibody
conjugated to alkaline phosphatase and 4-nitrophenyl phosphate are used for detection of
binding. Plates are read at 405 nm. All conditions are assayed in duplicate with coefficient of

variation (CV) <0.2.
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Example 2.16 - Binding of ACI-12-Ab-11 Monoclonal Autibody (Clone FK2A6A6) to
Monomer- and Oligomer- Enriched Fractions of the A8 1-42 Peptide

The binding of the anti-Af follow-on antibody ACI-12-Ab-11 (clone: FK2AG6A6) to
monomers and oligomers of the AB1-42 peptide was assessed. Before being used in the
study, the antibody was stored at -80°C. The AfS1-42 peptide (W.M. Keck Facility, Yale
University) was stored as lyophilized powder until the day of use. All other materials were
from Sigma-Aldrich (Sigma-Aldrich Chemie GmbH, Buchs, Switzerland)} unless otherwise
indicated.

To prepare monomers and higher molecular fractions with improved oligomer-
enrichment of AB1-42 peptide, an improved methodology was used employing size exclusion
chromatography (SEC). Two SEC columns, Supelco TSK G4000PW-XL (range: 10-1500
kDa; Sigma) and Superose 6 HR 10/30 (range 5-5,000 kDa; GE Healthcare Bio-Sciences AB
Uppsala, Sweden), were used to prepare AB1-42 peptide fractions enriched m LMW
monomer and higher weight oligomer fractions. The resulting SEC eluates were then stained
with uranyl acetate and examined by high-resolution transmission electron microscopy (TEM)
at 100kV to verify the structural morphology of the AB1-42 fractions (not shown). To
investigate the binding of the antibody to the AB1-42 fractions, an ELISA was performed.
AB1-42 fractions were coated onto high-binding assay plates at 2.2 pM in PBS for 2 hrs. The
coated plates were then washed five times with 0.05% Tween-20 in PBS and blocked with
1.0% BSA. Anti-Ag antibodies, including the control antibody (6E10) were added in a serial
dilution starting at indicated concentrations. Anti-mouse IgG antibody conjugated to alkaline
phosphatase (Jackson ImmunoReséarch, Suffolk, England), and 4-nitrophenyl phosphate was
used for detection of binding. Plates were read at 405 nm following a 14 hr incubation at
room temperature. The assay was repeated three times.

Figure 16 shows the mean (= SEM) optical density (O.D.) values obtained from the
three separate ELISA assays. Antibody ACI-12-Ab-11 demonstrated superior binding to the
AB1-42 fraction enriched in oligomers as compared to the fraction not enriched in oligomers,
and consisting primarily of AB1-42 monomers (Figure 16A). In comparnison, the control
antibody 6E10 bound equally well to both AB1-42 fractions (Figure 16B). Tables 2.4 and 2.5
show the O.D. values obtained in ELISA assays 1, 2, and 3, for antibodies ACf-I2~Ab—11 and
6E10, respectively.

These results indicate that the antibody ACI-12-Ab-11 (clone: FK2A6A6) shows

superior binding affinity to oligomer-enriched fractions of AB1-42 than it does to monomeric

AB1-42.
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EXAMPLE 3: Inhibition of ABs-ApoE4 Binding
The binding of ApoE4 to amyloid and the capacity of the monoclonal antibodies
according to the invention to inhibit the interaction between ApoE4 and A4 peptide are

assessed.

Human recombinant ApoE4 is diluted to 200nM with PBS, and stored in 0.5ml
aliquots at -80°C. | mg of AP4;-biotin peptide is resuspended in 20pl of DMSO and then in
1680ul of PBS/0.1% BSA/0.1% sodium azide to obtain a final solution of 0.5mg/ml. An
ELISA assay is used to determine the binding of rhApoE4 to ABs;. rthApoE4 (100 nM) is
incubated for 3hrs at 37°C with AB4;-biotin (1 uM) to allow the binding of the protein to the
peptide. The mixture is applied on a streptavidin-coated plate previously washed 3 times with
PBST (PBS+ 0.05% Tween 20). After 1h incubation at room temperature (RT) the plate 18
washed 3 times with PBST and blocked ovemight at 4°C with PBS containing 0.1% BSA.
Bound ApoE4 is detected with an IgG1 mouse anti-human ApoE antibody used at a dilution
of 1:3000 in PBS and applied on the plate for 2.5 hrs at RT. The plate is washed 4 times with
PBST and then incubated ! hour at RT with the detection antibody, an anti-mouse IgG
coupled to Alkaline Phosphatase (AP) at a dilution of 1:5000 in PBS. After a final wash with
4x PBST, plates are incubated for 5.5 hrs with AP substrate pNPP (Phosphatase substrate, 4-
Nitrophenyl phosphate Disodium salt Hexahydrate) and read at 405 nm using an ELISA plate

reader. Figure 17 summarizes the experiment.

The ELISA assay is developed by making 8 times 2-fold dilutions of a mix of
rhApoE4 (150 nM) and ABs-biotin (1.5 pM). The following negative controls are added: (1)
rhApoE4 alone; (2) ABs-biotin; and (3) rhApoE4-Af4;-biotin (protocol without mouse anti-
ApoE4). Figure 18 shows that a positive signal is obtained only when both thApoE4 and

Ap42-biotin are present and the complete ELISA protocol is followed.

To optimize the concentrations of thApoE4 and Af4;-biotin in the assay, dilutions of
rhApoE4 (e.g., 150 nM) are tested with a constant concentration of Af4:-biotin {e.g., normal:
1.5 uM or excess: 15 pM). Figure 19 shows that an excess of ABs-biotin dilutes the signal of
the ELISA assay as less AP4-biotin complexed to thApoE4 binds to the plate. Based on this

test an optimal concentration of rhApoE4 is selected.

The concentration of APsc-biotin 1n the assay is optimized using a constant
concentration of rhApoE4 of 100nM. Dilutions of Afs-biotin (e.g., with a starting

concentration of 1.5 uM (diluted to lower concentrations, for example as low as 1500 nM))
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are tested in the ELISA set-up. Based on the results shown in Figure 20, an optimal
concentration of 1 uM of APg-biotin is selected to determine the effect of the monoclonal

antibodies on the binding of rhApoE4 to AB4;-biotin.

The effect of one or more of the antibodies of the invention on the binding of thApoE4
to Afa;-biotin is assessed using the above-described ELISA assay, but further including the
antibody of the invention in the binding mixture prior to plating. For example, two-fold
dilutions of the antibody may be used, starting at a concentration of 50 pg/ml.. The inclusion
of the antibody may be at the time when ApoE4 and AP4,-biotin are first combined, or it may
be after (e.g., several hours after) the ApoE4 and AP4-biotin were first combined. In the
former instance, the ability of the antibody of the invention to prevent or inhibit the
interaction of ApoE4 and Afs:-biotin is assessed, whereas in the latter instance, the ability of
the antibody of the invention 1o disrupt a preexisting complex between ApoE4 and APar-

biotin is assessed.

TABLES

Table 1.1 Antibodies and antigenic constructs used for raising said antibodies

Mouse mAb Clone | Isotype | Antigen/Sequence Linker | Anchor | Adjuvant

mACI-24-Ab3 | EJIA9 | 1gGlI ABias - Palm Lipid A
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Table 1.2, Binding of AP peptides to ACI-24-Ab-3. Results are
expressed as O.D. after background subtraction.

Antibody
Peptide
ACI-24-Ab-3
1.28' Mean 0.13
SD 6.08
S . 8EM 0.06
17-40'  Mean -0.23
' sD - 007
SEM 0.05
140" Mean 0.90
sD 0.22
SEM 0.18
1-42A"  Mean 0.31
sD 0.35
SEM 0.24
1-42B°  Msan 0.27
sSb 0.07
SEM 0.05

! Peptide from Anaspec
? Peptide from Bachem
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Table 1.3. Binding of ACI-24-Ab-3 to 33 Overlapping Peptides of AP 1-42 as
Analyzed by ELISA..

Antibody
Peptide
ACI-24-Ab-3

1 06.32
2 Cc.26
-3 0.37
4 0.36
.5 0.32
6 0.34
7 0.30
8 0.21
9 0.19
1C 0.20
1" 0.23
i2 0.34
13 0.23
14 0.30
15 0.32
16 0.34
17 0.31
18 0.30
19 0.30
20 0.22
21 0.21
22 0.21
23 .20
24 0.18
25 0.23
28 0.25
27 0.26
28 0.26
29 0.27
30 0.29
31 0.31
32 0.31
33 0.26
AB1-42 0.36
Ap1-42 0.36
AB1-42 0.35
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Table 1.4. Binding of the ACI-24-Ab-3 (mouse EJ1A9Y) antibody to High Molecular
Weight (HMW) Proto-Fibriliar and LMW Menomeric Preparations of the AP1-42 Peptide.

ACH24-Ab.3 AB1-42 preparation | O.D.-
{ng/mb) Proto-fibrils LMW monomers difference
o (0.D0) {0.D) '

20 3.765 1.946 182

10 2546 0836 171
5 1.629 0.619 C 101
2.5 1,101 0.331 077

S 1.28 0.642 0.295 0.35
0.6250 0.457 0.177 .28
0.3125 0.253 0.143 0.1
0.1563 0.167 0.115 0.05

Table 1.5. Binding of the 6E10 contrel anfibody to High

Molaecnlar Weight (HMW) Proto-Fibrillar and LMW
Monomeric Preparations of the AB1-42 Peptide.
6E10 AB1-42 preparation oD.
(pg/mt) Proto-fibrils LMW monomers difference
(0.D.) (0.D.)
9 2.550 2677 0.13
6.5 1.998 2.126 0.13
0.25 1.442 1.583 0.12
0.125 0.863 (.899 0.14
0.0625 0.544 0.574 0.03
(.0313 0.286 0.329 0.04
0.01586 0.201 0.207 0.01
0.0078 0.118 0.133 0.02
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Table 1.6. Binding of the ACI-24-Ab-3 (mouse EJ1A9) antibody
to oligomer- and monomer- enriched preparations of the A81-42

peptide.
Monomers (O.D.) ' ' Oligomers (0.D.)
Antibedy '
ditution® | Assay I | Assay 2°| Assay 3| Mean SEM | Assay 1 | Assay 2| Assay3 | Mean SEM
1l 203 | 095 | 182 | 160 | 033 | 274 | 365 | 313 | 317 | 026
w2 17 Loosr |16 | 097 | 020 | 184 | o326 | 225 | 245 | 042
14 | 083 | 037 | 086 | 069 | 016 | 116 | 262 | 157 | 179 | 043
18 | 055 | 024 | ose | o4s | o160 | o84 | 187 | 110 | 127 | 031
116 | 039 | o1s | o34 | 020 | 007 | 050 | 122 | 069 | 083 | 020
132 | 028 | o010 | 023 | 020 | 005 | 031 | 073 | 042 | 040 | 013
164 | 022 | 610 | 018 | 017 | 004 | 027 | 041 | 032 | 033 | 004
1028 | 018 | o010 | 018 | 015 | 003 | 021 | 024 | 628 | 024 | 002

® 0.D.: optical density at 405 nm :
® Starting dilution for ACI-24-Ab-3 (clone: EJ1A9) was 30 pg/ml

Table 1.7. Binding of the 6E10 control antibody to oligomer- and monomer-
enriched preparations of the AS1-42 peptide.

Monomers {(0.D.) Qligomers (O.D.)
Antibody
dilution® | Assay 1 | Assay 2 | Assay 3 1 Mean SEM | Assay 1 | Assay 2 | Assay 3 | Mean SEM
1:3 367 3,77 4.04 383 0.11 3.36 3.67 3.80 3.64 G.15

1:2 330 348 4.00 3.59 0.21 3.39 3.55 3.83 3.59 0.13
1:4 3.00 3.29 3.52 3.27 0.15 3.10 3.37 3.64 337 0.16
i:8 2.67 3.00 2.80 2.82 0.10 273 2.99 3.23 2.98 0.15
1:16 1.78 1.94 223 1.98 0.13 1.78 1.2 2.07 1.92 0.08
1:32 1.18 1.34 1.54 1.36 0.1 1.27 1.30 1.40 1.32 0.04
1:64 0.81 0.94 1.08 0.94 0.08 0.93 0.88 0.95 0.92 0.02
1:128 0.64 0.75 0.86 0.75 0.06 0.62 0.61 0.66 (.63 0.02

*0.D.: optical density at 405 nm
® Starting dilution for 6E10 was 0.5 ug/ml
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Table 2.1. Antibodies and antigenic constructs used for raising said antibedies

Mouse mAb Clone Antigen/ Linker | Anchor | Adjuvant
Sequence -

ACI-11-Ab-9 FGI1F9E4 | AB.as PEG DSPE Lipid A

ACI-12-Ab-11 FK2A6A6 | Afoag PEG DSPE Lipid A

'Tabie 2. 2 Binding of Af peptides to ACI-11- Ab-9 and ACI 12~Ab-11
: Results are expressed as 0 D. after hackground subtractmn

_ ‘ . Antibody - Antibociy
Peptide
ACI-11-Ab-9 ACl-12-Ab-11
1-28' -Mean 0.53 -0.02
SD 0.06 000
SEM 0.04 0.00
17-40° Mean 0.02 -0.02
SD 0.04 0.01
SEM 0.03 0.00
1-40! Mean 1.02 0.62
SD 0.39 0.18
SEM 027 S 013
1-42A" Mean 0.78 0.44
SDh 0.12 0.15
SEM 0.08 .11
1-428° Mean 1.54 1.07
SD 0.38 0.20
SEM 0.27 0.14
! Peptide from Anaspec

? Peptide from Bachem
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Table 2.3. Binding of ACI-11-Ab-9 and ACI-12-Ab-11 to 33 overlapping peptides of AP
1-42 as analyzed by ELISA.

Antibody Antibody
Peptide
ACI-11-Ab-2  ACI-12-Ab-11
1 0.10 0.10
2 010 0.10
3. S 0.12 0.11
4 0.11 0.10
5 0.11 0.10
6 0.11 0.10
7 0.11 0.10
8 0.11 0.10
9 0.11 0.10
10 0.13 0.10
11 .11 0.11
12 0.24 0.21
13 0.17 0.15
4 0.16 0.12
15 0.14 0.10
16 0.14 0.14
17 0.13 0.12
18 0.11 0.10
19 0.10 0.10
20 0.10 0.10
21 0.10 0.09
22 0.10 0.10
23 0.11 0.10
24 0.10 0.10
25 0.11 0.11
26 0.12 0.12
27 0.13 0.12
28 0.12 0.11
29 .20 0.11
30 6.11 0.11
3 0.12 0.11
32 0.12 0.11
33 0.11 0.11
AB1-42 0.80 0.69
AB1-42 0.81 0.69
AB1-42 0.80 0.69
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Table 2.4. Binding of ACI-12-Ab-11 {clone: FK2A6A6) toc Monomer- and
Oligomer-Enriched Preparations of the AR 1-42 Peptide

Monomers {O.DY Oligomers {0.D.) -

-Ahtibodg/

dilution® | Assay 1 | Assay 2 Assay 3 Mcan - SEM ; Assay 1 | Assay 2 | Assay 3| Mean SEM

Blo 1 160 | 104 | 137 | 134 | 016 | 224 185 | 227 | 212 | o014
1z | ooss 051 | . 075 0.70 020 | 133 |04 | 132 1.23 0.10
Cnd 0.53‘_ 0300|045 | 043 | 007 | 070 | 064 | 080 | 071 | 005

1:8 029 | 018 | 025 | 024 | 003 | 044 | 042 | 047 | 044 | 002

16 | 025 | 012 | 018 | 018 | 004 | 030 | 025 | 028 | 038 | ool

132 | 019 | 016 | 014 | 014 | 003 | 020 | 016 | 020 | 018 | 001

1:64 § 015 | 009 | 013 | 012 | 002 | 019 | 014 | 016 | 016 | 001

1:128 0.14 0.09 .12 0.12 0.02 0.16 0.14 0.15 0.15 0.01

* 0.D.: optical density at 405 nm
® Starting dilution for ACI-12-Ab-12 {clone: FK2A6A6) was 40 pg/ml

Table 2.5. Binding of the 6E10 control antibody to Monoemer- and Oligomer-
Euriched Preparations of the AB 1-42 Peptide

Meonomers (O.D,) Oligomers (0.D.)
Antibody
dijution® | Assay I | Assay 2 | Assay 3 | Mean SEM | Assay 1 | Assay 2 | Assay 3 | Mean SEM
1:1 367 3.77 4.04 3.83 0.1% 3.36 3.67 3.89 3164 0.15
1.2 3.30 348 4.00 3.56 0.21 339 3.55 3.83 159 0.13
i4 3.00 329 3.52 3.27 0.15 3.10 3.37 3.64 3.37 8.16
1.8 2.67 3.00 2.80 2.82 G.10 2.73 2.99 3.23 2.98 0.15

I:16 1.78 1.94 2.23 1.98 0.13 1.78 192 2,07 1.92 0.08
1:32 1.18 134 1.54 1.36 0.10 1.27 1.30 1.40 132 0.04
1:64 0.81 0.54 1,08 0.94 0.08 06.93 0.88 0.95 0.92 .02
1:128 0.64 0.75 0.86 0.75 0.06 0.62 0.61 0.66 0.63 0.02

*0.D.: optical density at 405 nm
® Starting dilution for 6E10 was 0.5 ug/m
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The fo!lowmg hybridoma ceil lines were deposited with the “Deutsche Sammlung von

Mxkxoorgamsmcn und Zellkulturen GmbH (DSMZ) in Braunschweig, Mascheroder Weg i B,

. 38124 Brajnuschwezg, undeér the prqvasu)ns of the Budapest Treaty:

'Hybridoma line * | Antibody de.signation Deposition daté. | Accession Né _
' designatioﬁ ' - | h ‘ - 7
EJ1A9 ACI-24-Ab-3 May 25, 2007 DSM ACC2844
FG1FOE4 ACL11-Ab-9 May 25,2007 DSM ACC2845
FRK2A6AG ACL12-Ab-11 May 25, 2007 DSM ACC2846
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CLAIMS:

I.

An antibody or an epitope-binding fragment thereof capable of specifically binding beta

amyloid, wherein the antibody or the epitope-binding fragment comprises:

a.

a light chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the sequence set forth in SEQ ID NO: 7 or an epitope-binding fragment
thereof comprising the three light chain CDRs comprising the polypeptide sequences of
SEQ ID NOs: 9-11; and

a heavy chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to the sequence set forth in SEQ ID NO: 8 or an epitope-binding fragment thereof
comprising the three heavy chain CDRs comprising the polypeptide sequences of SEQ ID
NQOs: 12-14; or

the amino acid sequences of SEQ ID NOs: 7-8, wherein the antibody has been altered by
introducing one, or two, or 3 conservative substitutions into the sequences of SEQ ID
NOs: 7-8, wherein the antibody essentially maintains its full functionality, and wherein the
amino acid in position 52 of SEQ ID NO: 8 is selected from any amino acid, from the
group consisting of cysteine, tyrosine, and serine, and from cysteine alone; or

a light chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to a sequence selected from SEQ ID NO: 17 and SEQ ID NO: 19 or an epitope-
binding fragment thereof comprising the three light chain CDRs comprising the
polypeptide sequences of SEQ ID NOs: 21-23 and comprising the three heavy chain CDRs
comprising the polypeptide sequences of SEQ ID NOs: 24-26; and

a heavy chain variable domain comprising an amino acid sequence that is at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98% or 99%
identical to a sequence selected from SEQ [D NO: 18 and SEQ ID NO: 20 or an epitope-
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binding fragment thereof comprising the three heavy chain CDRs comprising the

polypeptide sequences of SEQ ID NOs: 24-26; or

d. the amino acid sequences of SEQ ID NOs: 17-18, wherein the antibody has been altered

by introducing one, or two, or three conservative substitutions into the sequences of SEQ

ID NOs: 17-18, wherein the antibody essentially maintains its full functionality; or

e. the amino acid sequences of SEQ 1D NOs: 19-20, wherein the antibody has been altered

by introducing one, or two, or three conservative substitutions into the sequences of SEQ

ID NOs: 19-20, wherein the antibody essentially maintains its full functionality.

2. An antibody or an epitope-binding fragment thereof capable of specifically binding beta

amyloid, wherein

a. the CDR regions of the antibody or the epitope-binding fragment thereof are:

1.

il.

iil.

v,

the CDR1 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:9;

the CDR2 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:10;

the CDR3 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:11;

the CDR1 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:12;

the CDR2 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ 1D NO:13; and
the CDR3 of the heavy chain variable region of the antibody

comprising the amino acid sequence of SEQ ID NO:14; or

b. the CDR regions of the antibody or the epitope-binding fragment thereof are:

i.

it

the CDR 1 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:21;
the CDR2 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ 1D NO:22;
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1. the CDR3 of the light chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:23;

iv. the CDR1 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NO:24;

v. the CDR2 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ 1D NO:25; and

vi. the CDR3 of the heavy chain variable region of the antibody
comprising the amino acid sequence of SEQ ID NOG:26.

3. The antibody or epitope-binding fragment according to claim 2, which comprises a light
chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 7 and a

heavy chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 8.

4. The antibody or epitope-binding fragment according to claim 2, which comprises a light
chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 17 and a

heavy chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 18.

5. The antibody or epitope-binding fragment according to claim 2, which comprises a light
chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 19 and a

heavy chain variable domain comprising the amino acid sequence set forth in SEQ ID NO: 20.

6. A monoclonal antibody or an epitope-binding fragment thereof according to claims 1 or
2, wherein the monoclonal antibody or the epitope-binding fragment thereof has been produced

by hybridoma cell line EJ1A9, deposited as deposit number DSM ACC2844,
7. A monoclonal antibody or an epitope-binding fragment thereof according to claims 1 or

2, wherein the monoclonal antibody or the epitope-binding fragment thereof has been produced

by hybridoma cell line FGIF9E4, deposited as deposit number DSM ACC2845.
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8. A monoclonal antibody or an epitope-binding fragment thereof according to claims 1 or
2, wherein the monoclonal antibody or the epitope-binding fragment thereof has been produced

by hybridoma cell line FK2AG6A6, deposited as deposit number DSM ACC2846.

9. The antibody of claim 1 or 2, wherein the antibody is a monoclonal antibody.
10.  The antibody of claim 1 or 2, wherein the antibody is isolated.

11. The antibody according to any one of claims 1 to 8, wherein the antibody is a chimeric

antibody or a humanized antibody.

12.  Anisolated polynucleotide encoding the antibody or the epitope-binding fragment thereof

according to any one of claims I to 11.

13.  Anisolated polynucleotide according to claim 12 comprising at least one of the

nucleotide sequences set forth in SEQ ID NOs: 15-16 and SEQ ID NOs: 27-30.

14. A therapeutic composition comprising the antibody or the epitope-binding fragment

thereof according to any one of claims 1 to 11 in a therapeutically effective amount.

15. The composition of claim 14, further comprising a biologically active substance selected
from one or more compounds used in the medication of diseases and disorders which are caused
by or associated with amyloid or amyloid-like proteins including amyloidosis, compounds
against oxidative stress, anti-apoptotic compounds, metal chelators, inhibitors of DNA repair
such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS), 1,3-
propanedisulfonate (1,3PDS), secretase activators, B- and y-secretase inhibitors, tau proteins,
neurotransmitter, p-sheet breakers, anti-inflammatory molecules, or cholinesterase inhibitors

{ChEIls) such as tacrine, rivastigmine, donepezil, galantamine and/or nutritive supplements.
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16.  The antibody or the epitope-binding fragment thereof according to any one of claims I to
11 for use in treating diseases and disorders which are caused by or associated with amyloid or

amyloid-like proteins including amyloidosis,

17.  The antibody or the epitope-binding fragment thereof according to any one of claims 1 to
11 for use in treating or alleviating the effects of diseases and disorders which are caused by or
associated with amyloid or amyloid-like proteins including amyloidosis, 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 (MCI), Lewy body dementia,
Down’s syndrome, hereditary cerebral hemorrhage with amyloidosis (Dutch type); the Guam
Parkinson-Dementia complex; and 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

macular degeneration in a subject.

18.  The antibody or the epitope-binding fragment thereof according to any one of claims | to
11 for use in reducing the plaque load in the brain of a subject suffering from a disease or

condition associated with an increased plaque load i the brain.

19.  The antibody or the epitope-binding fragment thereof according to any one of claims 1 to
11 for use in reducing the amount of plaques in the brain of a subject suffering from a disease or

condition associated with an increased plague load in the brain.

20.  The antibody or the epitope-binding fragment thereof according to any one of claims I to
11 for use in decreasing the total amount of soluble AP in the brain of a subject suffering from a

disease or condition associated with increased concentrations of soluble A in the brain.

21.  The antibody or the epitope-binding fragment thereof according to any one of claims 1 to
11 for use in retaining or increasing cognitive memory capacity in a subject exhibiting an

amyloid-associated disease or condition.
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22. A cell line characterized in that it produces the monoclonal antibody or the epitope-

binding fragment thereof according to any one of claims [ to 11.

23. A cell line according to claim 22, wherein the cell line is hybridoma EJ1A9, deposited on

May 235, 2007 and given deposit number DSM ACC2844.

24. A cell line according to claim 22, wherein the cell line is hybridoma FG1F9E4,
deposited on May 25, 2007 and given deposit number DSM ACC2845.

25. A cell line according to claim 22, wherein the cell line is hybridoma FK2AGAG,
deposited on May 25, 2007 and given deposit number DSM ACC2846.

26. A method of diagnosis of or of diagnosing a predisposition to an amyloid-associated
disease or condition in a patient comprising detecting the immunospecific binding of an antibody
or an epitope-binding fragment thereof to an epitope of the amyloid protein in a sample that has
been obtained from the patient which includes the steps of
(a) bringing a sample that has been obtained from the patient suspected to contam the
amyloid protein into contact with the monoclonal antibody or the epitope-binding

fragment thereof according to any one of claims 1 to 11;

(1) allowing the antibody or the epitope-binding fragment thereof to bind to the

amyloid protein to form an immunological complex;
(c) detecting the formation of the immunological complex; and

(d) correlating the presence or absence of the immunological complex with the

presence or absence of amyloid protein in the sample.

27. A method of determining the extent of amyloidogenic plague burden in a tissue of a
subject comprising
a. testing a sample that has been obtained from the subject under investigation for the

presence of amyloid protein with the antibody or the epitope-binding fragment
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thereof according to any one of claims 1 to 11, wherein said sample is
representative of the tissue of the subject;
b. determining the amount of antibody bound to the antigen; and

c. calculating the plaque burden in the tissue of the subject.

28. A method for monitoring minimal residual disease in a subject , wherein said method
comprises:

a. bringing a sample that has been obtained from the subject suspected to contain the
amyloid protein into contact with the antibody or the epitope-binding fragment
thereof according to any one of clamms 1 to 11;

b. allowing the antibody or the epitope-binding fragment thereof to bind to the
amyloid protein to form an immunological complex;
detecting the formation of the immunological complex;

d. correlating the presence or absence of the immunological complex with the
presence or absence of amyloid protein in the sample or specific body part or area;
and

e. comparing the amount of said immunological complex to a normal control value,

wherein an increase in the amount of said aggregate compared to a normal control value

indicates that said subject still suffers from a minimal residual disease.

29. A method for predicting responsiveness of a subject to treatment with the antibody or the
epitope-binding fragment thereof of any one of claims 1 to 11, comprising
a.  bringing a sample that has been obtained from the subject suspected to contain the
amyloid protein into contact with the antibody or the epitope-binding fragment
thereof according to any one of claims 1 to 11;
b. allowing the antibody or the epitope-binding fragment thereof to bind to the
amyloid protein to form an immunological complex;
detecting the formation of the immunological complex;
d.  correlating the presence or absence of the immunological complex with the

presence or absence of amyloid protein in the sample; and
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e. comparing the amount of said immunological complex before and after onset of
the treatment,
wherein a decrease in the amount of said aggregate indicates that said subject has a high potential

of being responsive to the treatment.

30. A test kit comprising the monoclonal antibody or the epitope-binding fragment thereof of

any one of claims 1 to 11.

31.  The therapeutic composition of claim 14 or 15 further comprising a pharmaceutically

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

32.  The test kit of claim 30 further comprising instructions for using the monoclonal antibody
or the epitope-binding fragment thereof for the purpose of binding to amyloid protein to form an
immunological complex and detecting the formation of the immunological complex such that
presence or absence of the immunological complex correlates with presence or absence of

amyloid protein.

33.  Use of the antibody of any one of claims 1 to 11 in the preparation of a medicament for
treating diseases and disorders which are caused by or associated with amyloid or amyloid-like

proteins including amyloidosis,

34, Use of the antibody of any one of claims 1 to 11 in the preparation of a medicament for
treating or alleviating the effects of diseases and disorders which are caused by or associated
with amyloid or amyloid-like proteins including amyloidosis, 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 (MCI), Lewy body dementia,
Down’s syndrome, hereditary cerebral hemorrhage with amyloidosis (Dutch type); the Guam
Parkinson-Dementia complex; and 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
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myositis (IBM), Adult Onset Diabetes; senile cardiac amyloidosis; endocrine tumors, and

macular degeneration in a subject.

35.  Use of the antibody of any one of claims 1 to 11 in the preparation of a medicament for
reducing the plaque load in the brain of a subject suffering from a disease or condition associated

with an increased plaque load in the brain.

36.  Use of the antibody of any one of claims 1 to 11 in the preparation of 2 medicament for
reducing the amount of plaques in the brain of a subject suffering from a disease or condition

associated with an increased plaque load in the brain.

37.  Use of the antibody of any one of claims 1 to 11 in the preparation of a medicament for
decreasing the total amount of soluble AR in the brain of a subject suffering from a disease or

condition associated with increased concentrations of soluble Af in the brain.
38.  Use of the antibody of any one of claims 1 to 11 in the preparation of a medicament for
retaining or increasing cognitive memory capacity in a subject exhibiting an amyloid-associated

disease or condition.

39. A method for producing an antibody capable of specifically binding beta amyloid,

comprising the step of culturing the cell line according to any one of claims 22 to 25.

40.  The method of claim 39, further comprising the step of obtaining the antibody expressed
by the cell line.
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SEQUENCE LISTING

<110>. AC Immune S.A,

<120> MONOCLONAL ANTIBODIES
<130> 089667-0105

<160> 18

<170> PatentiIn version 3.4

<210> 1
<211> 14
<212> PRT

«213> Homo sapiens

<220> :

«221> MISC_FEATURE

<223> antigenic peptide AB 22-35
400> 1

Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile Gly Leu Met

1 5 10
<210> 2

<2il» 12

«212» PRT

<213> Homo sapiens

<220>

«22k> MISC _FEATURE

<223> antigenic peptide AB 29-40
<400> 2

Gly ala Tle Tle Gly Leu Met Val Gly Gly Vval val

1 . 5 10
«210> 3

<21l 28

«212> PRT

<213> Homo saplens

«220>

<221> WMISC_FEATURE

<223>» A-beta peptide fragment AR 1-28
<400> 3

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Giu Val His His Gln Lys
1 5 10 15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys
20 25

WASH_4203063.1
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<21i0> 4
<21il> 24
<2i2> PRT

<213> Homo

<220>

sapliens

«221> MISC_FEATURE
<223> A-beta peptide fragment AB 17-40

<400> 4

PCT/US2008/007317

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

1

Gly Leu Met

«210> §©
«211> 40
<212> PRT

213> Homo

<220>

5 L0

Val Gly Gly Val val
20

sapiens

€221> MISC_FEATURE
«223> A-beta peptide fragment AB 1-40

<400> 5

15

Asp Ala Glu Phe Ary His Asp Ser Gly Tyr Glu Val Eis His Gln Lys

1

5 10

15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser dsn Lys Gly Ala Ile Ile

Gly Leu Met

38
<210> &
<Z21l» 42
<«<21l2>» PRT

<213> Homo

<220>

20 25

Val Gly Gly val val
40

sapiens

<221l> MISC FEATURE
«223> BA-beta peptide fragment AB 1-42

400> 6

30

Asp Ala Glu Phe Arg His Asp Ser 8ly Tyr Glu Vval His His Gla Lys

1

5 io

15

Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile

Gly Leu Met
35

<210= 7
<21l1ls> 107
«212> PRT

20 25

Val Gly Gly val val Ile Ala
40

<213> Mus musculus

<220>

WASH_4203063.1
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<221> MIBC_FEATURE
<223> Light chain variable domain of ACI-24-Bb-3

<400> 7

Asp Ile Val Met Thr Gln Ser Gln Leu Phe Met Ber Thr Ser val Gly
1 5 10 : 15

Asp Arg Val Ser Val Thr Cys Lys Ala Ser Gln Asn Val Ala Thr RAsn
20 25 30

val Ala Trp Tyr Gln Gln Lys Pro Gly Gln Ser Pro Lys Ala Leu Ile
35 40 45

Tyr Ser Ala Ser Tyr Arg Tyr Ser Gly Val Pro Asp Arg Phe Thr Gly
59 55 60

Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Asn Val Gln Ser
&5 : 70 75 BO

Giu Asp Leu Ala Glu Tyr Phe Cys GIn Gln Tyr Asn Ser Tyr Pro Leu
:353 o0 g5

Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys

10 ) _ 105
<210> B
<21l> 121
212> PRT

<213> Mus musculus

<220>

«221> MISC_FEATURE

<223> Heavy chain variable domain of ACI-24-Ab-3

X can be any aminoe acid

<220
<221> wmis¢_feature
<222> {52}..(52)

<223> Xaa can be any naturally occurring amine acid
<400> 8

Gln Val Gln Leu Gln Gln Ser Gly Ala Glu Leu Ala Arg Pro Gly Ala
1 5 10 15

Ser val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30

Gly Ile Arg Trp Val Lys Glm Arg Thr Gly Gln Gly Leu Glu Trp Ile
35 40 45

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

Lys Gly Lys Ala Thr Val Thr Ala Asp Lys Ser Ser Ser Thr Ala Tyr
&5 70 75 g0

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

Ala Arg Ser Ile Tyr Tyr Giy Arg Pro Tyr Tyr Phe Asp Tyr Trp Gly

WASH_4203063.1

122



PCT/US2008/007317

100 108 110

Gln Gly Thr Thr Leu Thr Val Ser Ser

<210>
<21l
<212>
- «213>

<220>
221>
<223>

<400>

115 120

9

11

PRT

Mus musculus

MISC_FEATURE
Light chain CDR1

9

Lys Ala Ser Gln Asn Val Ala Thr Asn Val Ala

1

210>
<211>
<212>
<2135

220>
<221>
<223

<400>

5 10

10

7

PRT

Mus musculus

MISC_FEATURE
Light c¢hain CDR2

10

Ser Ala Ser Tyr Arg Tyr Ser

1

<210%
<211>
<212>
<213>

<220>
<221>
<223

<400

5

11

9

PRI

Mus musculus

MISC_FEATURE
Light chain CDR3

11

Gln Gln Tyr Asn Ser Tyr Pro Leu Thr

1

<210>
<21l>
<212>
«2132>

<220>
<221>
223>

<4 00>

5

12

10

PRT .
Mus musculus

MISC_FEATURE
Heavy chain CDR1

12

Gly Tyr Thr Phe Thr Ser Tyr Gly Ile Arg

1

<2105
<211>

5 1c

13
17

WASH_4203063.1
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<212
<213>

PRT

<220>
221>
<223>

X can

220>
«221>
<2225
<2Z23>

<400> 13

Mus musculus

MISC_FEATURE
Heavy chain CDR2

misc feature
{3).
Xaa can be any naturally occurring amino acid

A3}

be any amino acid

PCTIUS2008/007317

Glu Ile Xaa Pro Arg Ser Gly Asa Thr Tyr Tyr Asm Glu Lys Phe Lys

1

Gly

<210>
<Z2lil>
«212>
213>

14
12
PRT

<220>
221>
<223>

<400> 14

)

Mus musgulus

MISC_PFEATURE
Heavy chain CDR3

i0

Ser Ile Tyr Tyr Gly Arg Pro Tyr Tyr Phe Asp Tyr

i

<210= 15
<23il> 321
<212> DNA
«213> Mus
<220>
<221
<223
<400> 15
gatatcgtga
gtcacctgca
gggcaatctc
cgcttcacag
gaagacttgg
gggaccaage
<210> 16
<21i> 363
<212> DNA
<213> Mus

5

musculus

misc_ feature
ACI-24-Ab-3 light chain variable region coding sequence

tgacccagtc
aggcragtca
ctaaagcact
gcagtaggatc
cagagtattt

tggagetgaa

musculus

WASH_4203062.1

tcaactette
gaatgtgget
gatttactcg
tgaggacagat
ctgtcagcaa

a

10

atgtccacat
actaatgtag
gcatcctace
tteactotea

tataacagct

124

cagtaggaga
cetggtatcea
ggtacagtgy
ccatcagcaa

atcegetcac

ER

cagggtcagce
acagaasacea
agtccctgat
tgtgcagtet

gttcggtget

60

120

ls¢

240

300

321



<220
<221
«223>

mige_feature

<400> 186
caggttcage tgcagcagte

tcctgcaagy cttetggeta
actyggacagy gocttgagtg
aatgagaagt tcaagggcaa
atggagetce gcagecectgac
tactacggta gaccctacta
tca

<210> 17
<211> 109
<212
<213> Mus musculus
<220>
<221> MISC FEATIRE
<223>

<400> 17

tggagetgag
caccttcaca
gattggagag
ggccacagtyg
atctgaggac

ctttgactac

PCT/US2008/007317

ctggcgaggc
agctatggta
atttgtecta
actgragaca
tetgeggtet

tggggccaag

Light chain variable domain of ACI-11-2b-9

ctgagggectte
taaggtagggt
gaagtogcaa
aatcctecayg
atttcoctgtge

gcaccactat

Gin Ala Val Val Thr Gin Glu Ser Ala leu 'Thr Thr Ser Pro Gly Gly
1 5 10 i5
Thr Val Ile Leu Thr Cys Arg Ser Ser Thr Gy Ala Val Thr Thr Ser

20 25 30
Asn Tyr Ala Asn Trp Val Gin Glu Lys Pro Asp His Leu Fhe Thr Gly

35 40 45
Leu Ile Gly Gly Thr Ser Asn Arg Ala Pro Gly Val Pro Val Arg Fhe
50 55 80
Ser Gly Ser Leu Ile Gly Asp Lys Rla Ala leu Thr Ile Thr Gly Ala
65 70 75 80
@ln Thr Glu Asp Asp Ala Met Tyr Phe Cys Ala Leu Trp Tyr Ser Thr
85 ' 90 95

His Tyr Val Phe Gly Gly Gly Thr Lys val ‘Tthr val Leu

100 10
<210> 18
<211> 117
«212>
<213> Mus musculus
<220>
<221> MISC FEATURE

«223> Heavy chaim variable domain of ACI-11-Ab-9

WASH_4203083.1

125

ACI-24-Ab-3 heavy chain variable region coding seguence

agtgaagctg
gaageagaga
tacttactac
cacagegtac
aagatcgatt

cacagtetee

60

120

180

240

300

360

363
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<400> 18
Gln val Gln Leu Gln Gin Ser Asp Ala Glu Lew Val Lys Pro Gly Ala
1 5 19 15
Ser Val Lys Tle Ser Cys Lys Val Ser Gly Tyr Thr Phe Thr Asp His
20 25 , 30
Thr Iile His Trp Met Lys Gln Arg Pro Glu Gin Gly Leu Glu Trp Ile
35 40 45
Gly Tyr Ile Tyr Pro Arg Asp Gly Ser Thr Lys Tyr Asn Glu Lys Fhe
50 55 60
Lys Gly Lys Ala Thr Isu Thr Ala Aup Lys Ser Ser Ser Thr Ala Tyr
65 70 75 80
Met Gln Leu Asn Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Phe Cys
_ 85 80 95
ala Arg Asp Tyr Gly Tyr Ala Phe 2sp Tyr Trp Gly Gin Gly Thr Thr
100 105 110
Lena Thr Val Ser Ser
118
<210> 1%
<21l> 102
<212> FRT
<213> Mus musculus
<220>
«221> MISC FEATURE
<223> Light chain variable domain of ACI-12-Bb-11
<400> 19 _
Gln Ala Val Vel Thr Gln Glu Ser Ala Leu Thr IThr Ser Pro Gly Gly
1 . 5 10 15
Thr Val Ile Ieu Thr Cys Arg Ser Ser Thr Gly Ala Val Thr Thr Ser
20 25 30
Asn Tyr Ala Asn Trp Val Gln Glu Lys Pro Asp His Leu Fhe Thr Gly
35 40 45
Leu Ile Giy Gly Thr Ser Asn Arg Ala Pro Gly Val Pro Val Arg Fhe

50 55 60
Ser Gly Ser le Ile Gly Asp Lys Ala Ala leu Thr Ile Thr Gly Ala
65 70 75 &0
Gln Tor Glu Asp Asp Ala Met Tyr Phe Cys Ala Leu Trp Tyr Ser Thr
ES 80 95
His Tyr Val Phe Gly Gly Gly Thr Lys Val Thr Val Leu
1c0 105
«210> 20
«211> 117

WASH_4203063.1
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<212> FRD
<213> Mus masculus
<220
<22%L> MISC FERIURE
<223> Heavy c¢hain variable domain of ACT-12-Ab-11
<400> 20
Gin val Gln leu Gin Gln Ser Asp Ala Glu Ieu Val Lys Pro Gly Ala
1 5 16 15
Sar Val Lys Ile Ser Cys Lys Val Ser Gly Tyr Thr Phe Thr Rsp His
20 25 30
Thr Tle His Trp Met Lys Gln Arg Pro Glu Gln Gly Leu Glu Trp Ile
35 40 45
Gly Tyr Ile Tyr Pro Arg Asp Gly Ser Thr lys Tyr Asn Glu Lys Fhe
50 55 &0
Lys Gly Lys Ala Thr Leu Thr Ala Asp Lys Ser Ser Ser Thr Ala Tvr
€5 70 s 8O
Met Gln Lev Asn Ser Leu Thr Ser @lu Asp Ser Ala Val Tyr FPhe Cys
85 50 g5
hla arg Asp Tyr Gly Tyr Ala Phe Asp Tyr Trp Gly Gin Gly Thr Thr
00 105 110
Leu Thr Val Ser Ser
115
<210> 21
<211> 14
<212> PR
<213> Mus musculus
<220>
«221> MISC FEATURE
«223> Light chain COR1
<400> 21
Arg Ser Ser Thr Gly Ala Val Thr Thr Ser Asn Tyr Ala Asn
1 5 10
<210> 22
«211l> 7
«212> PRT
<213> Mus musculus
<220>
<221> WMISC FERTURE
<223> Light chain CDRZ
«400> 22
Gly Thr Ser Asn Arg Ala Pro

WASH_4203063.1
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1

<210
211>
<212
<213>
<220>
<221>
<223
<400>

5
23
]
PRT
Mg musculus
MISC_FEATURE
Light chain (TR3
23

Ala Leu Trp Tyr Ser Thr His Tyr Val

1

«210>
<211>
«212»
<213
<220>
<221
<223>
«400>

5
24
10
FRT
Mus muscalus
MISC_FEATURE
Heavy chain CDR1
24

Gly Tyr Thr Phe Thr Asp His Thr Ile His

1

<210>
«2iix>
«212>
<213>
<220>
<221>
«2d3>
<4 00>

5 10
25
17

Mus musculus

MISC_FEATURE

Heavy chain CDR2
25

PCT/US2008/007317

Tyr Ile Tyr Pro Arg Asp Gly Ser Thr Lys fyr Asn Glu Lys Phe Lys

1
Gly

<21.0>.

<2il>
<212>
«213>
<220>
<221>
<223>
<400>

5 1c
26
8
PRT
Mus musculus
MISC FEATURE
Heavy chain CDR3
26

WASH_4203063.1
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hsp Tyr Gly Tyr Ala Fhe Asp Tyr
1 5

<21Q>= 27

«2li> 327

<212> DNA

«213> Mus miscuius

. <220

<221> misc_feature

<223> ACT-11-Ab-9 light chain variable domain coding sequence

<400> 27 )

caggeagtty tgactcagga atctgeacte accacgteac ctgghbggasc agtceatacte &0
acttgteget caagtactgy ggotgttaca actagtaact atgccaactg gooccaagas. 120
asaccagate atttattcac tggtctaata gatggtacca geaaccgage tocaggtgtt 180
cetgteagat totcaggete cotgattgga gacaaggctg CCCLCAccat Cacagggygca 240
cagactgagy atgatgcaat gtattictgt gotctatggt acagoaceea tiatgtbttte 300
gueggtggaa ccaaggteac tgtocta - 327
«<210> 28 ‘

<211> 351

<212> DDA

<213> Mus musculus

«<220>

<221> misc_feature

«223> ACT-11-Ab-9 heavy chain variable domain coding sequence

<400> 2B

caggtteage tgcageaghe tgacgetgag ttggtgasac ciggagctte agtgaagata &l
tcoctgoaagy tttetggota caccttcact gaccatacta ftcactggat gaagcagagdd 120
cetgpacagy goctayaaty gattggatat atttatccta gegatggtag tactaagtac 180
astgagargt tcaaguyeaa ggccacatty actgcagaca asatcctocag cacagoctac 240
atgcagctea acagoctgac atctgagugac totgeagtet atttetgrge aagagactat 300
ggttacgect ttgactacty gogecasgyc accactctca cagtctecte a 351
<210> 28 |

<211= 227

<212> DNA

<213> Mus musculus

220>

<221> misc_feature

<223> ACT-12-Ab-11 light chain variable domain coding sequence

<400 289

caggoegtty tgactcagoma atctgeacte accacgboce ctggiguaac agteatacte 60
acttgtoget caagtactgg ggctgttaca actagtaact atgeccaactyg ggtccaagaa 120
aaaccagatce atttattcac tggtetaata gotogtacea goaaccgage tocaggogtt 180

WASH 42030631
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cctg{:c:agat toetcaggete ectgattygga gacaaggety coctcaceal Cacaggogea 240
cagactoagy atgatgeast gtatthetgt getetategt acagoaccoca ttatgtrttc 300
gocaotauan ccaaggteac tgtocta 327
;210> 30

<211> 351

<21z> [BA

«213> Mug muasoulus

<2205

<221> misc feature

<223> ACT-12-Ab-11 heawy chain varidble domain coding sequence

<400> 30

cagggttcage tgeagoaghbc tgacgetgag ttggtgeaac ctggagcetic agtgaagata &0
toctgeaagg thtcotggeta cacctiteact gaccatacta ttiactggat gRragcagagyg 1290
cotgracagy goctggaaty gattgmetat atttatecta gagatggtag tactaagtac 186
antgagaaght tcaagggcaa ggccacatty actgcagace aatcctcocag cacagoctac 240
atgcagcotea acagectgac atctgaggac totgcagtet atttctgtge aagagactat 300
gattacgect ttgaetacty gogocaagge accactctoa cagtctecte a 381

WASH_4203063.1
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