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ANTIBODIES SPECIFIC FOR THE PROIOFIBRIL FORM OF BETA-AMYLOID
PROTEIN

CROSS~REFERENCE TO RELATED RPPLICATIONS

tion claims pricrity to provisional pabent

a
appiications: 60/988,481 filed November 16, 2007; and

incorporated hy reference.

FIELD CF THE IRVENTION
The wpresent invention reliates to 1solated antibodiss
that interact specifically with conformational epitopes of a

rotofibri form o©f human eta-amyloid peptide. These

t7e

antibodies show minimal or no detectable affinity towards
lower molecular weight forms cof beta-amyleoid peptide. The

antibodies disclosed herein will be useful in the diagn
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treatment and/ox prevention OF beta-amyloid plague
deposition associated with the onset and progression of

Alzheimer’'s disease.

BACKGROUND OF THE INVENTION

Beta-Amylicid (AB) peptides are thought to Dbe a
causative agent for Alzheimer's disease (“AD”) through the

formation of insoluble AR peptide fibrils and deposition of

these fibrils to form amylold plagues. The formation of
such plagues within the area of the brain critical for

memory and other cognitive functicons 1s thought to lead to
dementia asscciated with this diseass (see Selkoe, 1994, J.

europathol. Exp. Neurocl. 53:438~447) . Beta-Amyloid
peptides conmprise a group of peptides 39-43 amino acids iong
that are proteolytically processed from amyloid precursor

protein (APP), by beth B-secretase and Yy-secretase at the
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amino~ and carboxyl-terminus, respectively. There ar« t
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least five distinct isoforms of APP: 563, 6%5, 714, 751, and
770 amino acids in length, respectively (sea Wirak et al.,
1991 Science 253:323). These isoforms of APP are generated
by alternative splicing of primary transcripts of the &APP
gene. Mumerous missense mutations have been identified in
APP in families with  autosomal dominant early-onset

Alzhelimer’s disease. Some mutations clus

]

ster near the

cleavage sites and affect APP metabolis

=

e either Dby
increasing the production or the proportion of AR forms
(e.g., APg), which tends to be more fibrillogenic and to
aggregate faster than other forms. Neuronal toxicity may
reside in the large molecular weight fibrils which are
formed via aggregaticn of soluble AP peptides into insoluble
fibrils and, subseguently, f£ibril incorporation into amyloid
plaques. An intermediate fibril form is the protofibril
(PF) form, a large molecular weight oligomeric form of AP
peptides which is soluble in vitro and may be isolated as an

approximately ~670 kbDa entity. Thus, the in vitro format

O
Fh

insoluble AP pepride fibrils is the end result of the

initial cligomerization of A

o

reptide to form a structurally
distinct, socluble hnigher molecular weight protofibril form.
These transilent protofibrils structures are precursor to the
amylelid fibers responsible for cell dysfunction and neuronal
loss in Alzheimer's digease (AD} and other protein
aggregation diseases.

Various treatments have been fo rded in attempis to

prevent the formation of AP peptide, for example, inhibitors

te prevent the proteoclytic processing of APP. Also,
imnunotherapy strategies such as administration of anti-ApR

antibodies (to induce <clearance of amyloid deposits) or

immunization with AR peptide antigens (to promote a humoral
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respons have been enlisted in an attempt to reduce plague

®

size and density.
U.8. Patent No. 7,179,463, issued to Lannfelt et al.,

discloses a method of <treating Alzheimer’s dissase by

administering an antibody ralised against a protofibril
consisting of the Arctic mutation within the AR peptide
coding regicon. No exemplification of raised antibodies ars

o

presented 1in the specification and no comparison &as to

£finity for low molecular weight forms of AR peptide are

presented.
U.5. Patent Nos 6,761,888 and 6 750,324, issued to
Schenk et al., disclese a series of antibodies which

recognize wvarious epitopes along the amino acid sequence of
AB4;. Antibodles specific for the N-terminus and mid-regions
of Afy, showed efficacy in reducing plague both ex vive and
in vivo.

Despite current knowledge in the field of treating and
preventing Alzheimer's disease, there remains a need for an
improved compositions and methods of freating and/or
preventing this disease. The compositions and methods of
the present Invention address and meet these needs by
disclosing antibodies specific for protofibrillar forms of
AR peptide while showing minimal detectable affinity against
low nolecular weight forms of the AR peptide.
Pharmaceutically effective compositions comprising such an
antibody or antibodies will be wuseful in treating and/or

' »

creventing  beta~amyloid plague deposition known to  be
P J ¥ E ¥

associated with the onset and progression of Alzheimer’

disease.



SUMMARY

The present invention refers to subject matter as defined in the

attached set of claims.

The present disclosure relates to an isolated antibody
that shows specific binding to a conformational epitope of a
protofibril form of P-amyloid peptide. The monomer of wild
type beta-amyloid (AB) peptide is known in the art and is
shown herein as SEQ ID NO: 1. The isolated antibodies of
the present disclosure have affinity for such a repeated
conformational epitope for the larger olecular welght
protofibril form of the AP peptide while showing minimal or
no affinity for other forms of AR peptide, such as monomer
or dimer forms of A peptide.

The present disclosure also relates to an isolated
antibody that specifically interacts with and shows a
neasurable affinity

a conformational epitope of &

o
protofibril form of AP peptide, whereby the protofibril

[

tope is represented Dby an exposed region of a AP
P Y g
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ibril form comprising the amino terminal portion of an
exposed portion of the AP peptide
The present disclosure further relates to an isolated

antibody that specifically interacts and shows a neasurable

&
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Fh

inity to a conformational epitope of a protofibril form
of AP  peptide, whereby the protofibril epitope is
represented by an exposed region of a AP-protofibril form
comprising amino acids 1-20 (SEQ ID NO:2) <¢f an exposed

portion of the AP peptide.

n

The present disclosure also relates to an isolated
antibody that specifically interacts and shows a measurable

affinity to a conformationzl epltope of & provofibril form

of AR peptide, whereby the protofibril epitope  is
represented by an exposed region of a AP-proteofibril form
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which comprises amino acids 4-12 and 9-20 (SEQ ID HNOS: 2 and

4, respectively) of an exposed portion of the AP peptide.

Ey

The present disclosure relates in part to monoclional
antibodies 13032, 1DL and 1946, and any affinity matvured form

of 13C3, 1Dl and 19A6. The present disclosure further
t

tes t©o an antibody which mimics the functional
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werein for 13C3, 1D1 and 19A6. To
this end, the present disclosure also relates to biologically

active fragments and/or mutants of the 13C3, 1DL, 19A¢& or a

13C3-, 1Di-, or 138A6-like antibody,- including but not
necessarily limited to amino acid substitutions (e.g., as a
directed form of affinity maturation of the Vy or Vi

and carboxy-terminal Cruncations such that these mutations

=
that results in a simiiar or improved version of a 13083,
1D:, 1%a6 or 13C3~-like antibody binding protein. In one

example, the Vy and VvV,
reglon of 1303 comprises the amino acid sequence as set

forth in SBEQ ID NO: 7 (Vg and/or BSEC ID ND:5
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The present disclosure further relates to an isolated
nucleic acid melecule comprising a nucleotide sequence wnich

encodes the Vy and/or V¢ regions of a 13C3, 1D1 or 1946

101 ox 1%A6 antibody. To thiz end, ong
example relates to a nucleic
acid molecule which comprises & nuclectide seguence encodd

the Vi and Vi zregion of 13C, as ser forth in SEQ ID NO:®
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(13C2: Vy region) and SEQ ID ROC:6 {13C3:
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& conformational epitope of a protofibril  form of AP

The present disclosure also relates to a hybridoma
capable of producing a monoclicnal antibody of the pressnt
disclosure. Particular hybridomas of the present disclosure
nciude hybridomas which produce exemplified monoclonal
ntibodies 13C3, 19A6 and 1D1, respectively. The present invention
refers to subject matter as defined in the attached set of claims.

The present disclosure relates to pharmaceutically
affective compoeositions which comprise an isolated antibody
as disclosed and further defined herein: an isolated

inrteracts with and shows &

optionally comprise one Or wore carriers, one Or  more

axcipients, and/or cne or more chemical derivarnives.

The present disclosure also relates to methods of

oo

treatine an individual afflicted with Alzheimer's dises

repeating cenformational epitops

pepride while showing minimai

rovard Lower molecular weight

methods will provide for a therapeutic intervention s¢ as to

e
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reduce the amount of amyloid deposits in the brain of an individual

afflicted with Alzheimer’'s disease. One example relates

to methods of  treating an  individual afflicted with
Rlzheimer's disease comprising administering a
pharmaceutically effective cmposition formulated wi an

antibody showing

low molacular

an exposed region of a AP-protofibril form which comprises
aming acids 1-20 (3EQ ID NC:2) of an exposed pertion of the
AR peptide. Specific examples relating to these

therapeutic and prophylactic methods disclosed herein may
utiiize exemplified mouse monoclonal antibodies 13C3, 18A6,
IDYI, as well as affinity matured versicns of anyv such
antibody, chimeric antibody, humanized antibody, human

monoclonal antibody, and/or any other such antibody form

known in the art, inciuading but not limited to the antibody
or specific binding wmembers reviewed herein. Any  such

antibody or specific binding member may be refsrred to

within this specification as a Yi13C3~like antibody.” Thus,
a "L3C3-1ige antibody” is meant to alsoc engompass the 13C3

. " = -2 G NI | oy v - 3
monosiongl antibody disciosed hereln,

The present disclosure also relates to methods of

compound interaction assays in oxder to select a compound
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which mwodulates the process of f£ibril and/or plague

The present disclosure further relates to diagnostic
assay methods to specifically determine protofibrili

within a sublject or patient. Such assays mav be carried cut

N x
py any tecnnigues known and available to the artisan,
including but not limited to Western blots, ELISAs,
radioimauncassays, immunonistochamical 255ay85,

immunoprecipitations, or other immunochemical assays known
in the art. Thus, one example
relates to taking a tissue sample from a subject

or patient and determining the level of PF AP in the sample

To this end, the antibodies of the present disclosure

prophylactic or therapeutic agent Lo prevent or reauce

plague deposits associated with Alzheimer’s disease, either

prophyiactic or therapeutic anti-idiotypic antibody (BDbZ)
mimicking the crypric epitope(s) that bind the antibodies of
the present disclosure; and, (4} in designing peptides

derived from the complementarity determining regilons {LCDRs)

of the neutralizing antibodies of the present disclosure for

8.
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otofikbril formation

for use in prophylactic and/cr therapeutic regimes and (4)
as & diagnostic reagent to destermine  the level of
protofibrillar AP in serum or CSF of a patient at risk for

developing AD,

It is an object of the presen

(el

disclosure to describe

&

antibodies that specifically interact and show affinity o

an exposed, conformational epitope of a protofibril form of
AP peptide which comprises amino acids 1-20 (SEQ ID NO:2) of

an exposed portion of “he AP peptide.

It is a further object of the present disclosure to describe

antibodies that interact and show affinity to an

ysed conformational epitope ©f a protofibril

m
N
kel
o]

form of AP
peptide which comprises amino acids 4-12 and $-2C¢ (SEQ ID
NO:3, 4) of an exposed portion of the the AR peptide.

Another object of the present disclosure is to describe
Ca~like antibodies whichk prevent or reduce AR peptide
provofibril formarion linked to the deposition of plagues
associated with Alzheimer’s disegase.

Another object of the present disclosure 1lg to describe

antibodies in

. q

~ . P o PO P

Sliand oLV /W a5oavs v S=Le T
B B

” o "y e | KR s K -7 1S e N
associated with Alzheimer s dissasse.

s  used herein, "RKa* is intended toe refery to  the
association constant of a particular antibody antigen
interaction, "K4" is intended to refer to the dissocciation

determinant™ refers to & site OD an ant
and/or T cells respond or a site on a molecule against which

an antibody will be produced and/or to which an antibody

5.
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will bind. For examplie, an epitope can be recognized by an

ot

antibody defining the epitope. An epitcope can be either a
"linear epitope” (where a primary amninoc acid primary
sequence comprises the epitope; typically at least 3

contiguous amino acid residues, and more usually, at le

L

a
, and up to about 8 to about 10 amino acids in a unigue
gsequence} or a "conformational epitope" (an epitope wherein
the primary, contiguous amino acid seguence is not the sole
defining component o¢f the epitope), A conformational
epltope may comprise an increased number of amino acids
relative to a linear epitope, as this conformational epitope
recognizes a three-dimensicnal structure of the peptide or
protein. TFor example, when a protein molecule folds to form
a three dimensional structure, certain amino acids and/or
the polypeptide bkackbone forming the conformational epitope
pecome jJuxtaposed enabling the antibody to recognize the
epitope. Methods of determining conformation of epitopes
include but are not limited to, for example, X~ray
crystallography, two~dimensional nuclear magnetic resonance
spectroscopy and site-directed spin labeling and electron
paramagnétic rescnance spectroscopy. See, for example,

Zpitope Mapping Protocols in Methods in Molecular Biology,

Vel. 66, Glenn E. Morris, BA. (1996), the disclosure of

iy

which is incorporated in its entirety herein by refer

nee .

©

It

As used hereiln, "specific binding” between two entities
means an affinity of at least 10% ™%, 107 M, 10° m*, 10° Mm%,
or 10 P wr.

As used hersin, "protofibrils®  are protofibrillar
aggregates which include spherical structures comprising AR
peptides that appear to represent strings of the spherical

structures forming curvilinear structures.

-10-
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As used herein, the term “isolated” is used herein as

it is wused within the art. Namely, the state 1in which

antibodies/specific binding members, nucisic acid molecules

and the such are found. Antibodies/specific binding members
and nucleic acid molecules will be free or substantially
free of material with which they are naturally associated

such as other polypeptides or nucleic acids with which they

X

0
0]

re found in their natural environment, or the environment
in which they are prepared (e.g. cell culture) when such

preparation is by recombinant DNA technology {(practiced i1l

vitro) or in vivo. “Isolated” covers any form containing
the identified and characterized component(s) of the present

invention following removal from that initial environment.

Examples, but cartainly not limitations, include
pharmaceutical  for tions, formulation with diluents,

antibodies/specific binding membars, nucleic acid molecules

and portion thereof which have Dbeen modified (e.g.,
antibody glycosylation) either In wvitre or in vivo and
removad from that environment.

s wused herein, the term "recombinant human antibody”
represents a viable subset of Tantibedies™ generated by
varicus nmeans of recombinant DNA technology and non-human
transgenics that are well known in the art. such

methodology 1s utilized to generate an antibody from one or

¢t

the following crigins: (i) a scFv or alternative antibody

isciated from a combinatorial human antibody library; {(ii)

o

al or complete antibody generated from a zrespective

}-

art

jis!

expression vector stably or transiently transiected into a
host cell, preferably a mammalian  host cell (e.g.,
subcloning nucleotide sequences encoding VH and VI chains
into an expression vector in conjunction with respective CH

~

and CL nucleoctide sequences, s5¢ as to promote 2xpressicn o

I
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a predetermined form of antibody showing specificity to the
PF form of APB); and/or ({(iii) an antibody isclated from a
non~human transgeni animal whict contains human
immuncglobulin genes, or by any other known methodology
which relies o¢of the recombinant 'mixing and matching' of
human immunoglobulin gene sequences to other DNA sequences
in order to generate the human recombinant antibody of
interest.

The terms “subject” or *“patient” is meant to include
any member o©f the Phyl Chordata, including, without
limitation, humans and other primates, including nonhuman
primates such as chimpanzees and other apes and monkey
species; farm animals such as cattle, sheep, pigs, geats and

horses; domestic mammals such as dogs and cats; laboratory

g

animals dincluding rodents suc as mice, rats and guinea
pigs; birds, including domestic, wild and game birds such as
chickens, turkeys and other gallinaceous birds, ducks,
geese, and the like.

The term "treating®™ or %treatment®™ of a disease refers
to execubting a protoccl, which may include administering one
or more drugs to a subject (human or otherwise), in an
effort to alleviate signs or symptoms of the disease.
Alleviation can occur prior to signs or symptoms of the
disease appearing, as well as after their appearance. Thus
"treating® or "rreatment® includes "preventing” or

“prevention" of diseas

(D

In the case of Alzheimer's

42

disease, preventing” or “preventing” may also occur in a
situation where a course of treatment is advanced in order
to prevent or stall onset of the symptoms associated with
Alzheimer’s disease. In addition, "treating® or "treatment”

does not reguire complete alleviation of signs or symptoms,

12~
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does not require a cure, and specifically includes protocols
which have only a marginal positive effect on the subliect.
As wused herein, the term “active ingredient” refers to

a 13C3-like antibody which shows affinityv and specificity

-~

e.9., specific binding) to the aminc terminal portion of

ot

b
he protofibril structure of beta-amyloid.

ks used herein, the terms feffective amount® or
“pharmaceutically effective amount™ of antibody, as provided
herein, refers to a nontoxic but sufficient amount o©f the
active ingredient in order to provide the desired biological

result. An appropriate "effective”™ amount in any individual

~
-t

casa may be determined by one of ordinary skill in the a
using routine experimentation.

As used herein, the terms "pharmaceutically acceptable”
or "pharmacologically acceptable’ mean a material may be
administered to an individual in a drug delivery device
along with the formulated biclogical agent without causing
any undesirable Dbiological effects or interacting in a
deleterious manner with any of the components of the

composition in which it is contained {e.qg., a
“pharmaceutically acceptable composition”™).
As wused herein, the phrases "physiologically acceptable

carrier® and "pharmaceutically acceptable carrier® which may
be interchangeably used refer to a carrier, diluent, and
excipient that does not cause significant irritation to an
organism and does not abrogate the bioclogical activity and
properties of thes administered compound. An adjuvant is
inciuded under these phrases.

As used herein, the term “excipient® refers to an inert
substance added to a pharmaceutical composition to further

facilitate administration of an active ingredient.

L13-
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The term “minimal affinicy” as used in comparing
affinity of the antibodies for the protofibrillar form of
the AP peptide with affinity of the antibodies for other

forms of AR peptide, such

(»1"

s fibrils, sheet structures, and

ot

low molecular weight oligomers and monomers, indicates that

ratio of the affinity for the protofibrillar AR form to the

e

affinity for other AP forms is greater than about 2.

Preferalbly, the ratio 1s greater than about 2, or about 4,

BRIEF DESCRIPTICON OF THE FIGURES

Figure 1 shows ths process of AB fibrillogenesis,
including formation of protofibril oligomers.

Figure 2A-B show the process of AP fibrillogenesis and
purification of AR forms at time 0 (A) and 4 hours (B) as
indicated by absorbance at mAU,s (absorbance ¢ 215 nm) for
elution volumes. At 4 hours (B), the low molecular weight

(LMW) form elutes as a ~15 kDa dimer while the protofibril

and low molecular weight (LMW: ~#-) forms of AP, as
indicated by optical density (OD) resad at 450/650 nm for
increasing concentrations of both the PF and LMW forms of

A

e

Figure 4A-C show data from a Biacore® binding assay
showing affinity ©f monoclonal antibodies 4G8 (A), 13C3 (B)
and control XgG; (C) to varying concentrations of low
molecular weight (LMW) form of AR from 0.25 gg/ml LMW AR to

4.0 pg/ml LMW AP.

14-
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Figure 5A-B show data ddentifying
recognized by the anti- AP antibodies des
Figure 5A 1illustrates a Western Dot Blot

as measured by optical density (0D)
FPigures 7A-C show micrographs from thin

electron microscopy showing the affinity

saection

the epitopes

monocclonal antibodies 13C3 (top panel), ID1 (middle pansl)
and 4G8 (bottom panel) against _a series of overlapping 1
amino acid peptides as described in Example 5. Figure 5B
iliustrate amino acid sequence of APj.y; (SEQ ID NO:1), as
well as the predicted epitopes of wmonoclonal antibodies
13C3, and iDL1.

Figure & shows the reactivity of wonoclonal antibodies
13C3  (—8-) and 4G8 (~¢—) with S8SEC fractions from 7TPA2
supernatant secreting AP cligomers. Protofibril (PF) and low

‘molecular welght (LMW) fractions are indicated on the x-axis

read at 430/650.

immuno-

of monoclonal

antibody 13C3 to repeated structures on 2 fibrils (B, C).
Control imnuno~-EM is TIgGy; (A).

Figure B8A-3 show data from electron micrographs showing
reduction in plague numbers in a representative CRNDS
transgenic mouse after administration of control Ig6
{AY antipody in comparison to  administration of @ 13C3

monoclonal antibodies (B).

Figure BA~B show

that treatment of

with 13C3 monoclonal antibodies on a

twice weekly (B) regime result in &

plague formation.
16 shows the

n
light and heavy chains var

Flgure 11 ahOwWs that the

administration of 13c¢3 in

-15-

once a

reduction of

wclectide and amino acid

acute

APP transgenic mice does

TgCRND8 transgenilc

week (A

} Or

senilis

sequence

riable regions for

peripheral

not lead
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to an increase in plasma AR unlike reference antibody 3D6
administration.

Figure 12 shows that 13C3 recognizes human amyloi
neuritic plagues (aggregated) in AD Dbrains but not the
diffuse AR deposits unlike the reference 306 anti-Ab

antibody.

DETAILED DESCRIPTION COF THE INVENTION

The anyloid precursor protein (APP) plays an important
role  in  the pathogenesis of Alzheimer’s disease (AD).
Proteolytic processing of APP by P- and y-secretases generate
AP peptides {(AB) which normally range in the length from 39
to 43 amino acids in  length. The onset of Alzheimer’s
disease is characterized by the accurmulaticon of oligmeric o
aggregated forms of AP in the brain. The immunoclogical
compositions of the present invention are useful in treating
or preventing Alzheimer's disease, for use as reagents in

diagnostic assays, as well as for de

gning small molecule

n
[.-J_

inhibitors of amyloid deposition. The 13C3~like antibodies
of th present invention may be administered
prophyiactically to the general population of a mammal,
especially a Thuman, in a contemplated pharmaceutically
acceptable formulation in an amount and/or dosage regime
sufficient to eliminate, reduce oxr delay onset of the

disease. Methods of prophylactic treatment are especially

warranted with individuals known to be at & genetic o
familiar risk of Alzheimer's disease. Numerous genetic

markers of risk fcr Alzheimer's dizease have  heen
identified, incliuding but not limited to APP mutations
(e.g., the Indian mutation (Val7i7Phe), the Swedish
mutations {(Lys670Asn, Metrbilileun), the Hendricks mutation

~

(Alat22Gly)y, the Dutch mutation (Glué683Gln), the Iranian

-16-
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mutation (Thr714Ala), the German mutation (Val7i%Ala), and

-
-y
oud
®
iex|
i__l

orida mutation {(Ile716Val), to list a few. Additional
rnutations which may indicate an increased risk of
Alzheimer’s disease clude mutations in the presenilin
genes (PS1 and PSZ2) and ApoEd. The present inventicn also
relates to therapeutic intervention via pharmaceutically
acceptable compositions comprising a 13C3-1ike antibody for
individuals presently suffering from Alzheimer’'s disease can

be recognized from characteristic dementia, especially in

.

the presence of risk £factors described above or already

»
O
r.d
iy
®
Y]
[¥3]
®
l,_l
w3

suffering from such an amount. sufficient to
cure, Or at least partially arrest, the Alzheimer’s disease
symptoms  and complications. Either prophylactic- or
therapeuvtic~based treatment methods contemplated herein may
be used toe address ezrly or late onset Alzheimer’s disease.
In view of the importance of oligomeric forms of AP in the
onset of Alzheimer’s disease, the present inventicon relates
to an isolated antibody that specifically interacts and
shows a measured affinity to a repeating conformational

a protofibril form of AP peptide. The monomer of
wild type AP peptide (ABsz; the 42 amino acid form) is known

t

he art and is shown herein as SEQ ID NO:1:

et

His His Gln

Lys
Ile Ile Gly Leu Met Val Gly Gly Val Val Ile Ala (SEQ ID

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val
Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser As

=
)
[p]
E_.I
g
i
E_AJ
Qs

The isclated antibodies o©f the present invention will show
affinity for a repeated conformational epitope of the larger
molecular weight, oligomeric protofibrillar form of the AB
peptide while showing minimal affinity for other forms of AP

peptide, such as low molecular weight monomers and dimers.

-17-
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The present invention also relates to an isolated

antibody that interacts and shows a measurable affinity to a

conformational epitope of a protofibril form of AR peptide,
whereby the protofibril epitope is represented by an exposed

region of a AP-protofibril form which comprises the aminc
terminal portion of an exposed portion ﬁ peptide.
The present dinvention further relat to

antibody that specifically interacts and shows a measurable
affinity to a conformational epitope of & protofibril form
of Af peptide, whereby the protofibril epitope is
epresented by an exposad region of a AB-protofibril form
which comprises aminc acids 1~-20 (SEQ ID NO:2) of an exposed
portion of the AP peptide, as follows: Asp Ala Glu Phe Arg
His Asp Ser Gly Tyr Glu Val His His Gln Lys Leu Val Phe Phe
(SEQ ID NO:2).

As exemplified herein, mouse monoclonal antibodies have
peen identified which specifically show specific affinity

for the protofibril (PF) form of the AP peptide, while
showing minimal affinity for low molecular welght species of
the AR peptide. The dimer form of AP (~15 kDa) over time
polymerizes to form a soluble PF form of AR, with a
molecular weight of approximatel ©70 kxDa. Mice were
immunized with this higher wmolecular weight PF  AB.

Monoclonal antibodies were scresned for specificity to the

O
h

nigh molecular weight PF  form the AB peptide while

showing minimal or no ability to bind lower molecular weight
forms of AB. This portion of the present invention is
exemplified by the screening, isoclation and characterization
of the 13C3 series of monoclcnal antibodies raised against

kDa high molecular weight protofibril form of the

AR peptide (i.e., 13C3, 1DI and 19A8), This series of

18-
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monoclonal antibodies shows the intended specificity in

vitro while alsc reducing Alzheimer’s disease-associated

plague formation in a transgenic mouse Alzheimer’s discase
model. Thus, in a particular embodiment of the invention,
the isclated antibody specifically interacts and shows a

measurable affinity to a conformational epitope of

j5}]

protofibril form of AR peptide, whereby the protofibril
epitope is represented by an exposed region of a AB-
protofibril form which comprises amino acids 4-12 (SEQ 11
¥0:3) and 9-20 (SEQ ID NO:4) of an exposed portion of the AR
peptide: Phe Arg His Asp Ser Gly Tyr Glu Val (SEQ ID NO:3};
Gly Tyr Gilu Val His His Gln Lys Leu Val Phe Phe (SEX ID
NO:4)

One empodiment of the present invention relates to an
antibody which comprises a Vg (SEQ ID NO
ID NO: 5) region as disclosed for 13C3, so as to impart

.

13C3-1ike specificity to the PF versus LMW form of the AP
peptide. An additional ewmbodiment is a 13C3-like antibody
or Dbiclogically relevant fragment thereof which show
specificity to the PF form over the LMW form of the AP
peptide. Thus, the present inventlon alsc relates to
Liclogically active ZIfragments and/or mutants of the 13C3,

o

181, 19A6 or a 13C3-like antibody, including but not
necessarily limited to amino acid substitutions (e.g., as a
directed form of affinity wmaturation o¢f the Vg or Vi
regions), deletions, additions, amino terminal truncations
and carboxy-terminal truncations such that these mutations
provide a basis for an antibody or antibody binding porticn
that results in a similar or improved version of a 13C3,
ibi, 19A6 or 13C3-like antibody binding protein. As noted

herein, one embodiment of this portion of the invention
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reilated to the Vy and/or Vy region of such an antibody

comprising the amino acid ssquence as set forth in SEQ ID
NO: 7 and/or SEQ ID NO:5, respectively. The ypresent

invention notes the existence of codon redundancy which may
result in differing DNA molecules expressing an identical
antibody or portion thereof (e.g., alternative nucleic acid
molecules encoding an identical sc¢Fv or a VH and/or VL
pertion of an IgGj. For purposes of this specification, a
seguence bearing one or more replaced codons will be defined
as a degenerate variation. Another source of gequence
variation may occur through RNA editing. Such RNA editing
may result in another form of codon redundancy, wherein a
change in the open reading frame does not result in an
altered amino acid residue in the expressed protein. Also
included within the scope of this invention are mutations
either in the DNA sequence or the translated antibody which
improve the ultimate physical properties of the expressed
antibody. To this end, the present invention relates to (i)
affinity matured wversions of a 13C3, 1DR1, 19A6 or any other
such 13C3-1like antibody, and/or (ii) mutated forms of 13C3,
1D, 1SA6 or any other such 13C3-like antibody, inc

but net limited to one or more mutations in the CDRL1, CDRZ
an/or CDR3 «regions as generated through known affinity
maturation methodology and recombinant DNA technigues known
for introducing site specific mutations. Thus, the isolated
antibodies of the present invention are antipodies that

specifically interact with a conformational epitope of &

protofibril form of AP peptide. The isolated antibodies of
the present invention will show affinity for such a

conformational epitope for the larger molecular weight

protofibrillar form of the AP peptide while showing minimal

o

ffinity for other forms of AP peptide, such as fibrils,
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sheet structures, and low wmolecular weight oligomers and

monomars.

The present invention also relates to the isclated

FEIT

(

monoclonal antibody, 13C3. This portion of the invention
also relates to a hybridoma which produces the monoclonal
antibody, 13C3. A hybridoma which produces the monoclonal
antibody 13C3 is available under ATCC Accession No. PTA-

883¢C.

The present invention also zrelates to the isoclated
monoclonal anptibody, 1DL. This wportion of the invention
alsc relates to a hybridoma which produces the monoclonal

antibody, 1D1.

The present invention also relates to the isolated
monoclonal antibody, 19A6. This portion of the inwvention
alsoc relates to a hybridoma which produces the monoclonal
antibody, 1246

The present invention a&alsco relates to methods of
screening for and selecting compounds which may act as an
inkibitor of fibril and/or senile plague formation
associated with Alzheimer’s disecase. Such methodology
comprises utilizing an antibedy with 13C3-like affinity to
the PF form of AR peptide in varicus antibody/peptide/test
wompound  interaction assays in order to select a compound
which modulates the process of fibril and/or plagque
formation. The compound may be a non-proteinacepus organic
or inorganic molecule, a peptide (e.g., as a potential

prophylactic or therapeutic peptide vaccine), a protein, DNA

l.,_J

(single or double stranded) or RNA (such as siRNA or shRNA) .
It will become evident upon review of the disclosure and
teachings of this specification that any such peptide ox

a1l molecule which effectively competes with a 13C3-like



10

15

[l
W

antibody for binding to the PP form of AP peptide represents
a possible lead compound relating to prophylactic orx
therapeutic treatment of Alzheimer’s disease. To this end,
interaction assays way be utilized for the purpose of high
throughput screening to identify compounds that occupy ox
interact with the 13C3 epitopes of the PF form of Af peptide
and displace the antibody.

Variou

9]

antibody/antigen

(2

~based assays known in the art
may be used which incorporate and rely on a 13C3~like
antibody of the present invention as an essential reagent in
screening for compounds useful in  the prophylactic or
therapeuntic treatment ©f Alzheimer s disease (e. g., a small
inorganic molecule or candidate peptide vaccine), including
but not limited to an ELISA assay, a radiolmmune assey, a
Western blot analysis, any homogenous assay relving on &
detectable biclogical interaction not recguiring separation
or wash steps {e.g., see AlphaScreen from PerkinElmer)
and/or SPR-based technology (e.g., see BIACore)). Compounds

and/or peptide wvaccine candidates identified through use of
a 13CZ~like antibody may be detected by a varliety of assavs.
The assay may be a simple "yes/no" assay to determine
whether there i1s & change in the ability to form the known
antibody/antigen complex, or may be made gquantitative in
nature by utilizing an assay such as an ELISA based assay, a
homcgenous assay, or an 3IPR-Dased assay. To this end, the
present invention relates to any such assay, regardiess of
the known methodology enmployed, which measures the ability
of a test compound to compete with 13C3~1like antibody, to an
appropriate peptide or protein mimetic of the amino terminal
portion of a 13C3 epitope of the PF form of AP peptide.

The antibodies described herein may be used as the

basic reagents in a number o¢f different immunoassays o

2.
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determine the presence of a AR protofibril form in a tissue
sample. Generally speaking, the antibodies can be employed

-

in any tyvpe of immaunocassay, whether cqualitative o
guantitative. This includes both the two~site sandwich
assay and the single site immunoassay of the non-competitive
type, as well as in traditional competitive binding assays.
One embodiment of interest, for ease of detection, and its
gquantitative nature, 1is the sandwich or double antibody
assay, of which a number c¢f variations exist, all of which
are intended to be encompassed by this portion of the
esent invention. For example, in a typical forward
sandwich assay, unlabeled antiboedy is immobilized on a solid
substrate, e.g., microtiter plate wells, and the sgample to
be tested 1s Dbrought into contact with the bound molscule.
After a suitable period of incubation, for a period of time
sufficient to allow Iformation of an antibody-antigen binary
complex, a second antibody, labeled with a reporter molecule
capable of inducing a detectable signal, is then added and
incubation is continued allowing sufficilent time for binding

with the antigen at a different site and the format

(&
fude
Q
o
[}
h
0

(E)

ternary complex of antibody-antigen-labeled antibody. Any

v

unreacted material i1s washed away, and the presence of the

antigen is determined by obkservaticn of a signal, which may

be guantitated Dby comparison with a contrel @ sample
contailning known amounts of antigen. Variations on the

forward sandwich assay include the simultaneous assay, in
which bpoth sample and antibody are added simultaneously to
the bound antibody, or a reverse sandwich assay 1in which the
labeled antibody and sample to be fested are first combined,
incubated and added to the unlabelled surfac bound
antibody. These technigues are well known to those skilled

in the art, and the possibility of minor variations will be

LY
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readily apparent. As used herein, “esandwich assay” is
intendad to encompass all variations on the basic two-site
technigue.

For the sandwich assays of the present inventiocon, the
only limiting factor is that both antibodies have different
binding specificities for the AR protofibril form. Thus, a
number o¢f possible combinations are possible. As a more
specific example, in a typical forward sandwich assav, &
primary antibody is either covalently or passively bound to
a solid support. The solid surface 1s usually glass or a
polvmer, the most commonly used polymers being cellulose,
polyacrylamide, nylon, polystyrene, polyvinylchloride or
polypropylengs, The sclid supports may be in the form of
tubes, Dbeads, discs or microplates, or any other surfaces
suitable for conducting an immunoassay. The Dbinding
processes are well known in the art. Fellowing binding, the
golid phase-antibody complex is washed in preparation for
the test sample., An aligquot of the body fluid containing a
AR protofibril form to be tested is then added to the solid
phase complex and incubated at 25°C for a periocd of time

sufficient to allow binding of any AP protefibril form

srotein present  to  the antibody  speci for the Af

PR
ct th
)
[@]
it

protofibril form, The second antibody is
s0li1d phase complex and incubated at 25°C for an additicna
period of time sufficient to allow the second antibody to
bind to the primary antibedy-antigen solid phasse complex,
The second antibody is linked to a reporter molecule, the
visible signal of which is used to indicate the binding of
the second antibody to any antigen 1in the sample. By

“reporter molecule”, as used in the present specification is

meant a molecule which by its chemical nature, provides an
analytically detectable signal which allows the detection of

4

A
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antigen-pound antibody. Detection must be at least
relatively quantifiable, to allow determination of the
amount ©of antigen in the sample, this may be calculated in
absclute terwms, or méy be deone in comparison with a standard

{cr s

0

ries of standards) containing a known normal level of
antigen,

The most commonly used reporter molecules in this type
of assay are either enzymes or fluorophores. In the case of
an enzyme immuncassay an enzyme 1s conjugated to the second
antibogdy, often by means of glutaraldehyde or periodate. As
will be readily recognized, however, a wide vwvariety of
different conjugation techniques exist, which are well known
to the skilled artisan. Commonly used enzymes include
horseradlsh peroxidase, glucose oxidase, beta-galactosidase
and alkaline phosphatase, among o¢thers. The substrates to
be used with the specific enzymes are generally chosen for
the production, upcen hydrolysis by the corresponding enzyme,
of a detectable c¢olor change. For example, p-nitrophenyi
phosphate is suitable for wuse with alkaline phosphatase

conjugates; for percxidase conjugates, 1,Z2-phenylenediamine

t

or tocluldine are commonly used. It

fada
(o
&
bt
W
@]
&)
o
w
V33
b
o
b
(6]
Imi
O

employ fluorogenic suvbstrates, which yield a £luorescent

preduct rather than the chromegenic substrates noted above.

o 2

In a1l cases, the enzyme-labeled antibody

Jode
(6]

added to the
first antibody- AR protofibril protein complex and allowed
to bind to the complex, and then the excess reagent 1s
washed away. A solution containing the appropriate
substrate 1s then added to the tertiary complex o©f antibody-
antigen—~labeled antibody. The substrate reacts with the
enzyme linked to the second antibody, giving a qualitative

visual signal, which may be further guantitated, usually

25
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spectrophotometrically, to give an evaluation c¢f the amount
of antigen that is present in the serum sample.

Additiconally, fiuorescent compounds, such as

h

I

fluorescein or rhodamine, may Dbe chemically coupled to

entibodies without altering their Dbinding capacity. When

activated by 1lu ation with liqht of a particulax
wavelength, the fluorochrome-label antibody absorbs the
light energy, inducing a state o¢f excitabllity in the

molecule, followed by emission of the light at a
characteristic longer wavelength. The emission appears as a
characteristic color wvisually detectable with a light
microscepe. As in the enzymé immunocassay (EIAj, the

fluorescent-labelled antibody is allowed to bind to the

first antibody- AR protofibril form protein complex. After
washing the unbound reagent, the remalining ternary complex
is then exposed to light of the appropriate wavelength, and
the flucrescence observed indicates the presence of the
antigen. Immunofluorescence and ZIA technigues are both very

well established in tThe art and are particularly preferred

i
o}
=

the present method. However, other reporter molecules,
such as radioisctopes, chemiluminescent or bicluminescent
molecuies may also be employed. It will be readily apparent

o the skilled artisan how to vary the procedure to sult the

In another embodiment, the sample Lo be tested (e.qg.,
human blood or spinal fluid containing a AB protofibril
form) may be used in a single site immunoassay wherein it is
adhered to a solid  substrate either covalently or
noncovalently, An unlabeled anti- AP protofibril protein
antibody is brought intco contact with the sample bound on
the solid substrate. After a sultable pericd of incubation,

for a period of time sufficient to allow formation of an

.26-
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antibody-antigen binary complex a second antibody, labelled
with a reporter meclecule capable of inducing a detectable
signal, 4is then added and incubation is continued allowing
sufficient time for the formation of a ternary complex of
antigen-antibody-labeled antibody. For the single site
immunassay, the second antibody may be a general antibody
{i.e., zenogeneic antibody to immunoglcbulin, particularly
anti~(IgM and IgG) linked to a reporter molecule) that is
capable of binding an antibody that is specific for the AR
protofibril protein form of interest.
A 13C3-1ike antibody may take one o¢of numercus forms
known in the art. Antibodies may take the form of any tvpe
of levant antibody fragment, antibody binding portion,

re
specific bindi

[N

ng mamber, a non-protein synthetic mimic, or
any cther relevant terminolcogy known in the art which refers

o  an

[}

ity which at least substantially retains the
binding specificity/neutralization activity. Thus, the term
“antibody” as used in any context within this specification
is meant to include, Dbut not be limited to, any specific
binding member, immunoglobulin class and/or isotype (e.g.,
TgG., 1gG,, IgGs, IgGg, IgM, Igh, Ig¢D, IgE and IgM); and
bioclogically relevant fragment or specific binding member
thereof, including but not limited to Fak, F{ab')2, Fv, and
scFv [(singie chain or related entity). Therefore, it 1is
well known in the art, and i1s included as review only, that

an *“antibody” refers toc a

Q

lycoprotein comprising at least
two heavy (H) chains and two light L) <¢hains inter-—
connected by disulfide bonds, or an antigen binding portion

thereof. A heavy chain 1s comprised of a heavy c¢hain

jad]

variable region (VH} and & heavy chain constant region ({(CHI
¥ 7
h

CH2 and CH3). A light chain is comprised of a light chain

variable region (VL) and a light chain constant region (CL).
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The wvariable regions of both the heavy and light chains
¢ A

comprise Cramework regions {FWR) and complementari

lwi
g

determining regions  {CDRj. The four F¥R regions are
relatively conversed while CDR regions (CDRL, CDRZ and CDR3)
represent hypervariable regions and are arranged from NH;
terminus to the COOH terminus as follows: FWRL, CDR1, FWRZ,
CDR2Z2, FWR3, CDR3, FWR4, The variable regions ©of the heavy
and light chains contain a binding domain that interacts
with an antigen while, depending of the isotype, the
censtant  regilon(s) may mediate the binding o©of the
immunoglobulin to host tissues or factors. That said, also
included in the working definition of T“antibody” are
chimeric antibodies, humanized antibodies, a recombinant
antibody, as human antibodies generated from a transgenic

non~human animal, as well as antibodies selected fr

=

om
libraries wusing enrichment technologies available to the
artisan. Antibody fragments are obtained wusing techniques
readily known and availlable to those of ordinary skill in
the art, as reviewed below. Therefore, an “antibody” is any
such entity or specific binding member, which specifically
binds the conformational epitope of the protofibril form of
AB as described herein. Therefore, the term *“antibody”
describes an immunoglilocobulin, whether natural or partly or
wholly synthetically produced; any polypeptide or protein
having a binding domain which is, or is substantially
homologous to, an antibody binding domain. These can be
derived from natural sources, or they may Ppe partly or
whiolly synthetically produced. Examples o0f antibodies are
the imnunoglobulin idisotypes and their isotypic subclasses;

fragments which comprise an antigen binding domain such as

Fab, scFv, Fv, dAb, Pd and diabodies, as discussed without

limitation, infra. It i1s known in the art that it is
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possible to manipulate monoclonal and other antibodies and
use technigues of recombinant DNA technology to produce
other antibodies or chimeric molecules which retain the
specificity of the original antibody Such techniques may
evolve introducing DNA encoding the immunoglobulin variable
region, or the complementarity determining regions {(CDRs},
of an antibody to the constant regions, or constant regions
plus framework regions, of a dlLfcrsnt immunoglobulin A
nybridoma or other cell producing an antibody may be subject
o genetic mutation or other changes, which may ©r may not
alter the Dbinding specificity of antibodies produced.
Antibodies can be modified in a number of ways, and the term
“antibody” should be construed as covering any specific

binding member orn substance having 2z binding domain with the

required specificity. Thus, this term covers antibody
fragments, derivatives, functional equivalents and

»

womologues of “antibody” including any polypeptide

o]

omprising an immunoglobulin binding domain, whether natural

$
or wholly or partially synthetic. Such an entity may be a
binding fragment encompassed within the term Tantigen-
binding portion™ or "specific binding member"™ of an antibody
including but not limited to {i) a Fab fragment, a
monovalent fragment consisting of the VL, VH, CL and CH
domains; {(ii) a F{ab')2 fragment, a Dbivalent fragment

comprising two Fab fragments linked by a disulfide bridge at

»

\
7

i,.l

the hinge region; {ii Fad fragment consisting of the VH
and CH domains; (iv) a Fv fragment consisting of the VL and
VH domains of a single arm of an antibody (v) a dab
fragment, which comprises a VH domain; (vi) an isolated
complementarity determining region ({(CDR}; (vii) & "scAb', an
antibody fragment containing VH and VL as well as either CL

or CH; and (viii) artificial antibodies based upon protein
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scaffolds, including but not limilted to fibronectin type IIT

polypeptide antibodies (e.g., see U.S. Patent No. §,703,189,

-

ssued to Xolde on March 9, 2004 and PCT International

I
ire]

Application Publicaticn NWo. WG 02/32225). Furthermore,
although the two domains of the Fv fragment, VL and VH, are
coded for by separate genes, they can be joined, using
recombinant methods, by a synthetic linker that enables them
To be made as a single protein chain in which the VL and VH
raegions pair to form monovalent molecules (known as single
chain Fv (scFv)).

In one embodiment, the variable light (VL) region for
the isoclated 13C3 or 13C3-like antibodies c¢f the present
invention may comprise & 113 amino acid peptide seguence
(SEQ ID NO: 5) which 1s encoded by a 232 Dbase pair

nucleotide seguence (SEQ ID NO: 6):

Asp Val Val Met Thr Gin Thr Pro Leu Ser Leu Pro Val Ser Leu
Gly Asp Gin Ala Ser Tle Ser Cys Arg Ser Gly Gln Ser Leu Val
His Ser Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gln Lys Pro
Gly Gln Ser Pro Lys Leu Leu Ile Tyr Thr Val Ser Asn Arg Phe
Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Ser Asp
Phe Thr Leu Lys Ile Ser Arg Val Gilu Ala Glu Asp Leu Gly Val
Tyr Phe Cys Ser Gln Asn Thr Phe Val Pro Trp Thr Phe Gly Gly

Gly Thr Lys Leu ¢lu Ile Lys Arg {(SEQ ID NO: 5)

GATGTTGTGATGACCCAAACTCCACTCTCCCTGCCTICICAGTCITGGAGATCAAGCCIC
ATCTCTTGCAGATCTGGTCAGAGCCTTGTACACAGTAATGCAARCACCTATTTACATTGG
TACCTGCAGRAGCCAGGCCAGTCTCCAAAGCTCCTGATCTATACAGTTTCCAACCEGATTT
TCTGGGGTCCCGGACAGGTTCAGTGGCAGTCGATCAGGGTCAGATTTCACACTCAAGATC
AGCAGAGTGCAGGCTIGAGCATCTICGLCAGTTTATTTCTGCTICTCAARATACATTTETTCCT
GCACGTTCGGETGGAGGCACCAAGCTGGAAATCAAACGE (SEQ ID NO: 6)

3

In a further embodiment, the variable heavy (VH) region

4

or the isclated 13C3 or 13C3-like antibodies of the present

invention may comprise a 115 amino acid ypeptide sequence
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(SEQ ID NO: 7) encoded by a 345 base palr nucleotide

seguence {SEQ ID NO: 8):

Gln Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Arg Pro Gly
Val Ser Val Lys Ile Ser Cys Lys Gly Ser Gly Tyr Thr Phe Thr
Asp Tyr Ala Met His Trp Val Lys Gln 3Ser His Ala Lys Ser Leu
Glu Trp Ile Gly Val Ile Ser Thr Lys Tyr Gly Lvs Thr Asn Tyr
Asn Gin Lys Phe Lys Gly Lys Ala Thr Met Thr Val Asp Lys Ser
Ser Ser Thr Ala Tyr Met Glu Leu Ala Arg Leu Thr Ser Glu Asp
Ser Ala Ile Tyr Tyr Cys Ala Arg Gly Asp Asp Gly Tyr Ser Trp

Gly Gln Gly Thr Ser Val Thr Val Ser Ser (SEQ ID NO: 7);

CAGGTCCAGCTGCAGCAGTICTIGGECCTGAGCTGETGAGGCCTGGEETCTCAGTGAAGATT
TCCTGCAAGGCGTTCCOGCTACACATTCACTGAT TATGCTATCGCACTGGETGRAGCAGAGT
CATGCAAAGAGTCTAGAGTGGATTGGAGTTATTAGTACTAAGTATGGTAAGACARACTAC
AACCAGAAGTTTAAGGGCCAAGGCCACAATGACTGT TCACAAATCCTCCAGCACAGLCTAT
ATGGAGCTTGCCAGATTGRCATCTGAGGATTCTGCCATCTATTACTGTGCRAGAGEGGAL
GATGGTTATTCCTGGEGTCAAGGARCCTCAGTCACCGTCTICCTCA  (SEQ  ID  NO:

8).

i

In a Zfurther embodiment, the framework regions, FWRI,
FWRZ, FWR3, and FWR4, . of the VL chain may be comprised of
aminc acid set forth in SEQ ID NO:9, SEQ ID NO:10, SBEQ ID

NO:1l, and SEQ ID NO:12, respectively, as follows:

Asp Val Val Met Thr Gln Thr Pro Leu Ser Leu Pro Val Ser Leu

;
Leu His Trp Tyr Leu Gln Lys Pro Gly Gln Ser Pro L
Ile Tyr {8EQ ID NO: 10);

Asn Arg Phe Ser Gly Val Pro Asp Arg Phe Ser Gly Ser Gly Ser
4 Y J , Y

L
Gly Asp Gin Ala Ser Ile Ser Cys Arg Ser Gly (SEQ ID NO: 9)
S

Leu Leu

Gly Ser Asp Phe Thr Leu Lys Ile Ser Arg Val Glu Ala Glu Asp

Leu Gly Val Tyr Phe Cys (SEQ ID NO: 11};

Phe Giy Gly Gly Thr Lys Leu Glu Ile Lys Arg (SEQ ID NO: 12).
in a further embodiment, the conplementarity

determining regions, CDRL1, CDR2, and CDR3, of the VL chain
may be comprised of the amino acids set forth in $SEQ ID NO:

12, SEQ ID NO: 14, SEQ ID NO: 15, respectively, as follows:

Gln Ser Leu Val His Ser Asn Gly Asn Thr Tyr (3EQ ID NO: 13);

31~
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Ser (S8R0 ID NO: 14);

Ser Gin Asn Thr Phe Val Pro Trp Thr {SEQ ID NC: 15).

In a further embodiment, %the framework regions, FWRL,
FWR2, FWR3, and FWR4, of the VH chain may Dbe comprised of
the amino acids set forth in SEQ ID NO:16, SEQ ID NGC:17, SEQ

ID NO:18, and SEQ ID NO:19, respectively, as follows:
In Val Gln Leu Gln Gln Ser Gly Pro Glu Leu Val Arg Pro Gly
Val Ser Val Lys Ile Ser Cys Lys {(SEQ ID NO: 16);

Met His Trp Val Lys Gln Ser His Ala Lys Ser Leu Glu Trp Ile
Gly Val (SEQ ID NGC: 17);

0]

Ala Thr Met Thr Val Asp Lys Ser Ser Ser Thr Ala Tyr Met Glu
Leu Ala Arg Leuw Thr Ser Glu Asp Ser Ala Ile Tyr Tyr (ys Ala
Arg (SEQ ID NO: 18};

Trp Gly Gln Gly Thr Ser Val Thr Val Ser Ser (SEQ ID NO: 18).

In a further embodiment, the complementarity
determining regions, CDRL, CDRZ, and CDR3, c¢f the VE chain
may be comprised of the amino acids set fort

NO:20, SEQ ID NO:21, SEQ ID NO:22, respectively, as follows:

)
ez
foed
o}
wn
=
O
b}
o

Giy Ser Gly Tyr Thr Phe Thr Asp Tyr Ala (SEQ ID NO: 20);
Ile Ser Thr Lys Tyr Gly Lys Thr Asn Tyr Asn Gin Lys Phe Lys
Gly Lys (SEQ ID NG: 21);
Gly Asp Asp Gly Tyr Ser (SBEQ ID NO: 22).

Polyclonal or monoclonal antibodies £for use in  the
disciosed treatment methods may be raised Dby  known

techniques. Monospecific murine {mouse) antibodies showing

specificity to a conformational epitope of a target of
choice may be purified from mammalian antisera containing

antibodies reactive against this regicon, or may be prepared
as monoclenal antibodies using the technigue of Kohler and
Mi

il

stein (1975, Nazure 256: 495-427). Monospecific antibody

as used herein is dsfined as z single antibody species or

ey
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multipile antibody species

characteristics, such a&s the

exemplified herein with the

antibodies. Hybridoma c¢ells

splenic lymphocytes with an

preferably myelcoma cells,
the formation

producing cells and myeloma

screened £for antibody

antibody positive wells

the soft agar technigue of

Technigues, 1n Tissue

Kruse and ‘Paterson, Bds,

antibodies are produced in

hydridoma cells

fiuid after an interval of

tin

T

wall known in the art.

Beyond species spec

above, the antibodies of

in the form of a

constructed from the variable

nurine source,

intended host source

1989,

{e.g.,

Morriscen and i,
the

NGC: 6

exanmple,
SEQ O ID

mouse )

and 8,
antibody may

vector. These

line may then De

resulting in

under
cf stable hybridomas.
cells
production.

are cloned by a

Culture
Academic
vivo

into pristine primed mice,

cific monoclonal
the present

"chimeric antibody®, a

and constant

Advance

variable light and

vectors are cotransfec
and selected and expanded by known techniques.
subtjected

production of

with homogenous binding

mouse monoclonal antibodies

13C3 series of monoclional

Are the

produced by mixing

appropriate fusicon partn

conditions which will allow

The splenic antibody

are fused, selected, and

Hybridoma cells £from

technigque such as

MacPherson (1973, Soft Agar

Metrhods and Applications,
Press). Monoclonal

by injecting respective

collecting ascite

e, and techniques

described

invention may alsc be

monoclonal antibody

regions derived from say, the

regions derived from the

human; review, see
44 65-92).

weavy DNA

for a
s in Immunclogy,
seguences
from the rodent
be a mammalian
light and

ted

"ohimerice®

into a reciplent cell

This

to known cell culture

both the 1light chain
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and heavy chain of & chimeric antibody. Such chimeric
antibodies have historically been shown to have the antigen-
pinding capacity ¢f the original rodent monoclonal while
significantly reducing dimmunogenicity problems upon host
administration.

A logical improvement to the chimeric antibody i1s the
“humanized antibody,” which arguably reduces the chance of
the patient mounting an lmmune response against a
therapeutic antibody when compared to use of a chimeric ox
full murine monoclonal antibody The strategy of
"humanizing” a murine Mab is based on replacing aminc acid
residues which differ from those in the human seguences by
site directed mutagenesis o©of individual residues or by
grafting of entire complementarity determining reglons
{Jones et al., 18986, Nature 321: 522-526). This technology
ig again now well known in the art and 1is represented by
nunerous strategies to improve on this technology; namely by
implementing strategies inciuding, but not limited to,
"reshaping” (see Verhoeyen, et al., 18988, Science 238: 1534~
1536}, "hyperchimerization” (see Queen, et al., 1991, Proc.

Natl. Acad. Sci. B8:2869-2873) or "wveneering® [Mark, et al

b

1994, Derivatilon of Therapeutically Active Humanized and
Veneeraed anti~CD18 Antibodies Metcalf end Dalton, eds,.
Celluiar Adhesion: Molecular Definition to Therapeutic
Potential. New York: Plenum Press, 291-312). These
strategies all invoclve to some degree seguence comparison
between rodent and human sequences to determine whether
specific amino acid substitutions from a rodent to human
consensus 1s appropriate Whatever the wvariations, the
central theme involved in generating a humanized antibody
relies on CDR grafting, where these three antigen binding

~ v

sites from both the light and heavy chain are effectively
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remcved from the rodent expressing antibedy c¢lone and
subclilconed {or "grafted") intc an axpression vector coding
for the frameweork region o©0f the human antibody. For
example, utilizing the above techniques a humanized antibody

vy be expressed wherein the CDR1, CDR2, and CDR3 regions cof

H

& on
the wvariable light chain are set forth in SEQ ID NOGS: 13, 14
ancd 15, respectively, and the CDR1, CDR2Z, and CDR3 regions
of the variable heavy chain are set forth in SEQ ID NOS 20,
21 and 22, respectively. Therefore, a "humanized antibody™
is effectively an antibody constructed with only murine CDRs
(minus any additional improvements generated by
incorporating one or more of the above mentioned
strategies), with the remainder of the wvariable regilon and
all of the constant reglon Dbeing derived from a human
source,

The present invention also relates to isolated nucleic
acid molecules and associated amino acld sequences which

relate to the Vy and/or Vy regions of the 13C3 antibody, and
more specifically, an i1solated nucleic acid molecule
(polynucleotide) encoding a biclogically relevant portion of
13C3, or affinity matured version or otherwise mutabed
version of 13C3, 1D1l, 1946 or other 13C3-like antibody.

These nucleic acilds are substantially free from other

e

nucleic acids. For most c¢lening purposes, DNA s a

preferred nucleic acid. These

jw,

NA molecules may be
subcloned inte an  expression vector and  subseguently
transfected inpto a host c¢ell of choice wherein the
recombinant host c¢ell provides a source for substantial
levels ¢f a relevant portion of the 13C3, iDl, 1%R6 or 13C3~

, 1Dl-~, oxr 19a6-like antibody, or affinity matured version
thereof . Such procedures may ke used for a wvariety of

utilities, such as generatin scEFvs or for co-expressing

-35-
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these Vy and Vi chains in a mammalian expression wvector
system which encodes human Cy and Cy regions, of say, an IgG
antibody. The degeneracy of the genetic code is such that,
for all Dbut two amino acids, mors than a single codon
encodes a particular amino acid. This aliows for the
construction ©f synthetic DNA that encodes an antibody of
the present invention where the nucleotlide sequence of the

synthetic DNA differ significantl from the nucleotide

jon]

S
seguences disclosed herein, Dbut still encodes such a
antibody. Such synthetic DNAs ave intended to be within the
scope of the present invention. If it is desired to express
such synthetic DNAs in a particular host cell or organism,
the codon usage ©f such synthetic DNAs can be adjusted to
reflect the codon usage of that particular hoest, thus
leading to higher levels of expression of the an antibody of
the present invention. In other words, this redundancy in
the varicus codons which c¢ode for specific amino acids is
within the scope of the present invention. Therefore, this
invention d4s also directed to those DNA sequences which
encode RNA comprising alternative codons which code for the
eventual translation of the identical aminc acid, as shown
below: A=Rla=Alanine: codons GCA, GCC, GCG, GCU;
C=Cys=Cysteing: codons UGC, UGU; D=Asp=Aspartic acid: codons
GAC, GAU E=Glu=Glutamic acid: coadons GAA/ GAG;
F=Phe=Phenylalanine: codons UUC, UUU; G=Glv=Glycine: codons
GGA, GGC, GGG, GGU; H=His =Histidine: codons CAC, CAU; I=Ile

=1

o3

cleucine: ¢odons AUA, AUC; AUU; K=Lyvs-Lysine: codons AAA,

5

AAG; L=Leu=Leucine: codons UUA, UUG, CUA, CULC, CUG, CUU;
M=Met=Methionine: codon AUG; N=Asp=Asparagine: codons GAU,
GAC; P=Pro=Proline: codons CCh, cee, cea, CCu;
QO=Gln=Glutamine: codons CAA, CAG; R=Arg=Arginine: codons

AGA, AGG, CGA, CGC, CGG, CGU; S=Ser=Serine: codons AGC, AGYU,

.36
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UCA, UCC, UCG, UCU; T=Thr=Threonine: codons ACA, ACC, ACG,
ACU; V=Val=Valine: codons GUA, GUC, GUG, GUU;
W=Trp=Tryptophan: codon UGG; Y=Tyr=Tyrosine: codons UAC,
UAU, BSuch recombinant expression vectors may then be stably
or transiently transfected intce an appropriate cell line for
the generation of alternative antibody form.

The present invention notes <The existence of codon
redundancy which may result in differing DNA molecules

expressing an identical antibedy or portion thereo

I“h
.

e.g.,

alternative nucleic acid molecules encoding an identical

1
2

scFv or a VH and/or VL portion of an IgG). For purposes of
this specification, a seqguence bearing one or more replaced
codons will be defined as a degenerate wvariation. Another
scurce of seguence variation may occur through RNA editing.
Such RNA editing may result in another form of codon
redundancy, wherein a change in the open reading frame does
not result in an altered amino acid residue in the expressed
protein. Also incliluded within the scope of thig invention
are mutations either in the DNA sequence or the translated
antibody which improve the ultimate physical properties of
The expressed antibody. To this end, the present invention
relates to (i) affinity matured wversions of a 13C3-like
antibody, including but not limited to 13C3, 18A6 and iDL,
and/or {ii) wmutated forms of a 13C3-iiks antibody, including
but not limited to 13C3, 1926 and/or 1D1, inciuding bhut not

limited to one or more mutations in the CDRLI, CDR2 an/or

CDR3 regions as generated through known affinity maturation
methodology and recombinant DNA echnigues known  for
introducing site specific mutation. Such isolated or

purified nucleic acid molecules will represent the VH and/or
VL portions of a 13C3-like antibody. These nucleic acids

are substartially free from other nucleic acids. Por most
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cioning purposes, DNA i1s a preferred nuclelc acid. These
DNA moleculss may be subcloned into an expression vector and
subsegquantly transfected into a host c¢cell of cholce wherein

2

the recombinant host cell provides e source for substantial

levels of a relevant portion of a 13C3-like antibody, oz
affinity matured version thereof. Such procedures may be
used for a variety of utilities, such as generating scFvs or
for c¢o-expressing these VH and VL chains in a mammallan
expression vector system which encodes human CH and CL
regions, of say, an IgG antibody.
The present invention also relates Lo recombinant
ectors and  recombinant hosts, both  prokaryotic and
eukaryotric, which contain nucleic acid melecules encoding
the respective heavy and/or light regions of a 13C3-like
antibody. These nucielc acid molecules, in whole or in
part, can Dbe linked with cother DNA molecules (i.e., DNA
molecules which encompass Ilmmunoglobulin genes used for
generation of a recombinant human antibody) that are not

naturally linked, to form "recombinant DNA molecules" which

encode a respective human recombinani antibody. These
vectors may be ceomprised of DNA or RNA, For most cloning

purpceses DNA vectors are preferred. Typical vectors include
plasmids, wmodified wviruses, bacteriophage, cosmids, yeast
artificial chromosomes, and other forms of episcomal or
A. It is within the purview of the skilled
an to determine an appropriate vector for a particular
gene transfer, generation of a recombinant human antibody or
other use. Methods o0f subcloning nucleic acid molecules of
interest into expression vectors, transforming or

transfecting host c¢ells containing the vectors, and methods
of making substantially pure protein comprising the steps of

introducing the respective expression wvector into a host
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cell, and cultivating the host c¢ell under appropriate
conditions are well known. The antibody (such as an IgG
recombinant human antibody) so produced may be harvested
from the host <¢ells 1in conventional ways. Any known
expression vector may be utilized to practice this porticn
of the invention, including any vector containing a suitable
promoter and other appropriate transcription regulatory

.
i

elements. The resulting expression construct is transferred

into a prokaryotic or eukarvotic host cell to produce
recombinant protein. Expression vectors are defined herein
as DNA sequences that are reguired for the transcription of
cioned DNA and the transiation o¢f their rnRNAs in an
appropriate host, Such  wvecteors can e used Lo express
eukaryotic DNA in a variety of hosts such as bacteria, blue
green algae, plant cells, insect cells and animal cells.
Specifically designed vectors allow the shuttling of DNA

between hosts such as bacteria-yveast o©r Dbacteria-animal

cells, An approeopriately constructed expression vector
should contain: an origin of replication for autonomous

replication in host cells, selectable markers, a Llimited
number of useful restriction enzyme sites, a potential for

high copy number, and active pronoters. A promoter 1is

defined as a DNA seguence that directs RNA polymerase ©O
bind to DNA and initiate RNA syanthesis. A strong promoter
is one which «c¢auses rnRNAs to Dbe initiated at high
frequency. Techniques £for such manipulations can be found
described 4in Sambrook, et al., (198%, Molecular Cloning., A
Laporatory Manual; Cold Spring Harbor Laboratory, Cold
Spring Harbor, New York)} are well known and available to the
artisan of ordinary skill in the art. Expression wvectors
may include, but are not limited to, cloning wvectors,

megified cloning vectors, specifically designed plasmids or

-39-
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viruses. Commercially available mammalian expression
vectors which may be suitable, inciude but are nct limited
£0, pPcDNAI.neo (Invitrogen), pcbNA3.1l (Invitrogen), pCl-neo
(Promega), ©pLITMUS28, pLITMUSZS, pLITMUS3E8 and pLITMUS3S
(New England Bicloabs), pcDNAI, pcDNAIanp (Invitrogen),
PCDNAZ {(Invitrogen), pMCLneo (Stratagene), pXT1
{(Stratagene), p3GS (Stratagene), EBO pSVi-neo (ATCC 37593)
pPRPV-1(8-2) (ATCC 37110), pdBPV-MMTneo(342-12} {(ATCC 37224},

pRSVgpt (ATCC 3719%), pRSVneo (ATCC 37198), plvi2-dhir (ATCC
37146), pUCTag (ATCC 3748C), and 17ZD35 (ATCC 37565y, Alsc,
a variety of bacterial expres sion vectors are available,
including but not limited to pCR2.1 ({(Invitrcgen), pETL la
(Novagen), lambda  gtl 1 (Invitrogen), and  pKR223-3
{Pharmaciay . In addition, a wvariety of fungal cell

expression vecteors may be used, including but not limited to

PYESZ Invitrogen) and Fichie expression vector
{Invitrogen) . Also, a variety of iInsect c¢ell expression

vectors may be used, including but are not limited to
pBlueBacIIl and pBlueBacHis?2 (Invitrogen), and  pAcG2T
(Pharmingen) .

Recombinant host cells may be prokaryotic or
eukaryotic, including but not limited Lo, bacteria such as
E. c¢oli, fungal c¢ells such as veast, mammalian c¢ells
including, but not limited to, cell lines of Dbovine,
porcine, monkey and  rodent origin; and insect c¢ells.
Mammalian species which may be suitable,-26 include but are
not limited to, L cells L-M{TK-~) (ATCCCCL1I.3), L cells L-M
{

T
3
(9]

i

=

o C
L 8 8

3

CCL 1.2), Saos-2 (ATCCHTB-~85), 293 (ATCCCRLILST3), Raiji
CCL 86), CvV-1 {ATCC CCL 70), COS-1 (ATCC CRL1650j,

O
O

(ATCC CRL 1651), CHO-K1I ({ATCC CCL 61), 3T3 (ATCC CCL
82), NIH/3T3 (ATCC CRL 1658), HeLa (ATCC CCL 2}, C127I (ATCC

-40-
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CRL 1616), BS-C-1({ATCC CCL 26), MRC-5 (ATCCCCL171) and CPAE
(RTCC CCL 209) .
Yet another improvement over ré-engineered antibodies

as reviewed above is the generation of fully human

monoclonal antibodies, The first involves the use of

f

genetically engineered mouse strains which possess an immune
system  whereby the mouse antibody  genes have  been
inactivated and 1in turn replaced with a repertolire of
functional human antibody genes, while leaving other
components of the mouse immune system unchanged. such

genetically engineered

3

wice allow for the natural iIin vivo
immune response and  affinity maturation process which
results in high affinity, fully human monoclonal antibodies
This technology is again now well known in the art and is
fully detailed in wvarious publications, iacluding but not
limited to U.S. Patent Nos. 5,939, 588; 6,075,181;
6,114,598; 6,150,584 and related family members (assigned to
Abgeniz, disclosing thelr XenoMouse technology); as well as
U.S. Patent Nos. 5,545,806; 5,569,825; 5,625,126; 5,633,425;
5,789,650; 5,877, 397; 0i6; 5,814,318; 5,874,299; and

66
5,770,429 {assigned to GenPharm International and availlable

iy
}_,\

(&)

14 rF

D

through Medarex, under the urbrella of the "UltraMab Human
Antibody Development System"). See also a review from
Kellerman and Green (2002, Curr. Opinion Iin Bictechnology
13: 593-597;.

Finally, technigues are available to the artisan for
the selection of antibody Iragments from libraries wusing
enrichment technoclogies, including but not limited to phage
display, ribosome display (Hanes and Pluckthun, 19897, Proc.
Nat. Acad. Sci. 9%4: 4937-4942), bacterial display (Gecrgiou,
et al., 1997, Nature Biotechnclogy 1b: 29-34) and/or vyeast

display (Kieke, et al., 1997, Protein Engineering 10: 1303-

41-
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1310) may be utilized as alternatives to previously
discussed technologies to sslect single c¢hain antibodies
which specifically bind to target cytokine. Single~chain

antibodies are selected from a library £ single chain

o]

Q)

antibodies produced directly utilizing £ilamentous phage
technology. Phage display technology is known in the art

{(e.g., see tecnnology from Cambridge Antibody Technology

{CAT})) as discleosed in  U.S. Patent  Nos. 5,565,332;
5,733,743, 5,871,207; 5,872,215; 5,885,793; 5,962,255;
6,140,471; 6,225,447; 6,291650; 6,492,160; 6,521, 404;

,544,731; 6,555,313; 6,582,915; 6,593, 081, as well as
other U.S. family members, or applications which rely on
pricrity filing GB 9206318, filed 24 May 1992; see also
Vaughn, et al. 1096, Nature Biotechnology 14: 309-314).
Single chain antibodies may also be designed and constructed

using available recombinant DNA technology, such as a DNA

amplification method (e.g., PCR), or possibly by using a

respective hybridoma C¢DNA as a template. Single~chain
antipodies can be none-or bispecific; bivalent or

tetravalent. A/hualeotide sequence encodlng a single-chain
antibody can be c¢onstructed using manual or automated
nucleotide synthesis, cloned into an expression construct
using standard recombinant DNA methods, and introduced intco
a cell to express the coding seguence, as described below.
The present invention further relates to an antibody-
based pharmaceutical composition comprising an effective
amount a 13C3-like antibody, or an affinity mabtured version,
which ©provides & prophylactic or therapeutic treatment
cheice to  inhibit fibril and/or senile plague formation
assocliated with Alzheimer’s disease. The antibody-based
pharmaceutical composition of the present invention may be

formulated by any number of strategies known 1in the art

43
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e.9., see McGoff and Scher, 2000, Sclution Formulation of

Proteins/Peptides: In McNally, E.J., ed. Protein Formulation
and Delivery. Naw York, NY: rcel Dekker; pp. 139-

Bkers and Defilippis, 2000, Peptides and Proteins as

Parenteral Solutions. In: Pharmaceutical Formulation

Development o©f Peptides and Proteins. Philadelphia, PA:

Talyor and Francis; pp. 145-177; Akers, et al., 2002, Pharm.

I
Biotechnol. 14:47-127). A pharmaceutically acceptable

composition suitable for patient administration contain

an effective amount o©f the antibody in a formulaticn which
both retains Dbiological activity while also promoting
maximal stability during storage within an acceptable

gmperature range. The pharmaceutical compositions can also

include, depending on the formulation desired,
pharmaceutically acceptable diluents, rharmaceutically
acceprable carriers and/or  pharmaceutically acceptable

excipients, or any such vehicle commonly used to formulate
pharmaceéutical compositions for animal or human

administration. The diluent 1s selected so as not to affect

~

ot

the bioclogical activity o©f the combination. Examples of
such diluents are distilled water, physiclogical phosphate-
buffered saline, Ringer's solutions, dextrose solution, and
Hank's soclution. The amount of an excipient that is useful

s

in the pharmaceutical composition or formulation of thi

n

invention is an amount that serves to uniformly distribute
the antibody througheut the composition so that it can be

uniformiy dispersed when it 1s to be delivered to a subject

in need thereof. It may serve to dilute the antibody tc a
concentration which provides the desired beneficial

palliative or curative results while at the same time

minimizing any adverse side effects that might occur from

too high a concentration. It may also have a preservative
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effect. Thus, for the antibody having a high physiological
activity, more of the exciplent will be enmploved. On the
other hand, for any active ingredient{s} that exhibit a
lower physiological activity, a lesser quantity of the
excipient will be employed. In wgeneral, the amount of
excipient in the composition will Dbe Dbetween about 50%
weight {(w) and 99.%% w, of the total composition. If the

antibody exhibits a particularly low phvsiological activity,

the amount of excipient could be as little as 1% w. On the
other hand, for an antibody that has a particularly high
physioclogical activity, thé amount  of excipient may be
between about ¢8.0% and about 99.9% w, In addition, the
antibody or antibodies may by administered in the form of a
“chemical derivative” (a-molecule that contains additional

chemical moieties which are not normally a part of the base
moiecule) . Such moieties may improve the solubllity, half-
life, absorption, etc. 0% the biclopgical agent.
Alternatively, these moleties may attenuate undesirable side
effects of the antibody. Pharmaceutical compositions can
alsc idnciude large, slowly metabolized macromolecules such
as proteins, polysaccharides, polylactic acids, polyglycclic
aclds and copolymers {such as latex functionalized
sepharose, agarose, cellulose, and the Llike), polymeric
amino acilds, amino acid copolymers, and lipid aggregates
{such as oil droplets or liposomes), Agditionally, these
carriers can functicon as immunostimulating agents (1. e,
adiuvants). For parenteral administration, agents of the
invention can pe administered as injectable dosages of a
solution or suspension of the substance in a physiologically
acceptable diluent with a pharmaceutical carrier which can
be a sterile liguid such as water oils, saline, glycerol, or

ethanocl. Additionally, auxiliary substances, such as

Ab
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wetting or emulsifying agents, surfactants, pE buffering
substances and the 1lke can be present in compesitions.

OCther components of pharmaceuvtical compositions are those of

petzoleun, animal, vegetable, or synthetic origin, for
axample, peanut oil, soybean oil, and mineral oil.

In general, glycocls such as prepylene glycol or polyethylene

giyeol are preferred ligquid carrier

J¢4]

, particularly for

injectakle solutions.

Foin

a
The antibody formulation may be in liquid form or solid
form. A solid formulation is generally lyophilized and
brought into solution prior to administration for either
single or multiple dosing, The formulations should not be
exposed to extreme temperature or pH sO0 as Lo avoid thermal
denaturation. Thus, 1t 4is essential tc formulate an
antibody composition of the present invention within a
piologically relevant pH range. A solution buffersed o
maintain & proper pH range during storage 1is indicated,
especially for liquid formulaticns stored for longer periods
of time between Iformulation and administration. To date,
both liguid and solid formulations require storage at lower
temperatures {usually 2-8°C) in order to retain stability for
longer periods. Formulated antibody compositions,
especially liguid formulations, may contain a bacteriostat
to prevent or minimize proteolysis during storage, including
but not linuted to effective concentrations (usually <1%
w/v) of Dbenzyl alcohol, phenol, m-crescl, chlorobutanocl,
methylparaben, and/or propylparaben. A bacteriostat may be
contraindicated for some patients. Therefore, a lyophilized
formulation may ke reconstituted in & solution either
contalning or not containing such a component., Additional
components may be added to either a buffered liguid or solid

antibody formulation, including but not limited to sugars as
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a cryoprotectant (including but not necessarily limited to

pelyhydroxy hydrocarbons such as scrbitol, mannitol,

glycerol and dulcitol and/or disaccharides such as sucrose,
lactose, altose or trehalcose) andg, in some instances, a

relevant salt (including but not limited to NaCl, KCL or
LiC1ly. Such antibody formulations, especially iiguid
formulations slated for long term storage, will rely on =z
useful range of total osmolarity to both promote long term
stability at temperature of 2-8°C, or higher, while also
making the formulation useful for parenteral injection. An
effective range of total osmolarity (the total number of
melecules in solution) is from about 200 mCs/L to about 800
mOs /L. It will Dbe apparent that the amount of a
cyroprotectant, such as sucrose or sorbitol, will depend
upon the amount of salt in the formulaticon in order for the
total osmolarity of the sclution to remain within an
appropriate range. Therefore a salt free formulation may
contain from about 5% to about 25% sucrose, with a preferred

range o©of sucrose from about 7% to about 15%, with an
especlally preferred sucrose concentration in a salt free
formulation being from 10% Lo 12%. Alternatively, a sal
free sorbitol-based formulation may contain sorbitol within
a range from aboutr 3% Lo about 12%, with a preferred range

from about 4% to 7%, and an especially preferred range is

from about 5% to about 6% sorbitcl in  a salt-free
formulation. alit—-free formulations will of course warrant

increased ranges of the respective cryoprotectant in order
toe maintain effective osmolarity levels. These formulation
may also contain a divalent cation {including but not
necessarily limited to MgCl;, CaCl,; and MnCl:); and a non-32
ionilc surfactant (including but not necessarily limited to

Poiysorbate-80 (Tween 80%), ©Polysorbate-60 (Tween 60%),

46-
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Polysorbate-40 (Tween 40%) and Polysorbate-20 (Tween 20%),
polyoxyethylene alkyl ethers, including but not limited to

Brij 58%, Br

(=8

4 35% as well as others such as Triton X-100%
Triton ¥ 114%®, NP40%, Span 85 and the Pluronic series of non-
ionic surfactants (e.g., Pluronic 121}). Any combination of
such conponents, inciuding  probable inclusion of a
bacteriostat, may be useful to f£ill the antibody-containing
formulations of the present invention. Thne antibody
composition of the present invention may also be a "chemical
derivative”, which descrikes an antibody that contains
additional chemical moieties which are not normally a part
of the immunoglioblulin molecule (e.g., pegylation). Such
moieties may lmprove the solubility, half-life, abscrption,
etc. of the base molecule. Alternatively the moieties may
attenuate undesirable silde effects of the base molecule or
decrease the toxicity of the base wmclecule.

TNumerous examples of various carriers, diluents,
excipients and the such are kxnown 1in the art and are
disclosed in references cited herein, as well as Remington'’
Pharmaceutical Sciences {18th ed.; Mack Publishing Company,

Raston, Pa., 18%0), the contents of which

[0
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herein by reference. Briefly, it will be appreciated that

9]

uitabl carriers, excipients, and other agents may be
incorporated to formulate the pharmacsutical compositions to
rovide dimproved transfer, delivery, tolerance, and the
like. The methods of dincorporating the bpiclogical agent
and/or additional active ingredient(s) intc the carrier are
known to a person of ordinary skill in the art and depend on
the nature o¢f the Dbioclogical agent and the nature 0f the
carrier selected by a person practicing the current
invention. Tonic Dbinding, gel encapsulation or physical

trapping inside the carrier, ilontophoresis and soaking the

A7
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carrier in a solution of the bioclogical agent are suitable
examples contemplated in feormulating a pharmacevtical
composition to be wused to practice of the discleosed
treatment methods. Alternatively, the carrier may be little
more than a diluent for the Dbiological agent. These
formulations may include for example, powders, pastes,
ointments, Jjelly, waxes, oils, lipids, anhydrous absorption
bases, olil-in-water or water-in-oil emulsionsg, emulsions
carbowax (polyethylene glycols of a wvariety of molecular
welghts), semi-solid gels, and semi-solid mixtures
containing carbowax. The dosage regimen utilizing the
compounds ©of the present inventiocon is selected in accordance
with a wvariety of factors including type, species, age,
welght, sex and medical condition of the patient; the
geverity of the condition to Dbe treated; the route of
administration; the renal, hepatic and cardiovascular
function of the patient; and the particular biclogical agent
therecf employed, A physician or veterinarian of ocrdinary

kill can readily determine and prescribe the effective

amount of the drug required to prevent, counier or arrest
the progress of the condition, Optimal precision in
achieving concentrations of drug within the rangs that
vields efficacy without toxiclty reguires a regimen based on

the kinetics of the drug's availability to target sites.

This involves a consideration of rthe distribution,
equilibrium, and elimination o©f a drug. Any of the

feregoing formulations may be appropriate in treatments and

theraplies in accordance with the present invention, provided

that the active dingredient in the formulation is not
inactivated by the formulation and the formulation is

physiologically compatible

4.
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The pharmaceutical compositions Of the present

el

invention may e administered to host in any manner,
strategy and/or combination available in the art in amounts
safificient to coffer a therapeutic treatment against
Alzheimer’s disease. These compositions may be provided to
the individual by a wvariety of routes known 4in the art,

specially parenteral routes, including but in no way
limited to parenteral routes such as intravenous (IV),
intramuscular (IM); or subcutanecus {(3C) administration,
with IV administration being the norm within the art of

P

therapeutic antibody administration. These compoesitions may
be administered as separate or multiple doses (i.e.,
administration o©f the antibody at staggered times by
maintaining the sterile condition of the formulation through
the treatment regime). The dosage regimen utilizing the
compounds ©0f the present invention is selected in accordance
with a variety of factors including type, species, age,
weight, sex and medical condition of the patient {(such as a
human patient); the severity of the condition to be treated;
the route of administration; the renal, hepatic and
cardiovascular function of the patient; and the particular
antibody thereof employed. A physician or veterinarian of

ordinary skil can veadil determine and prescribe the

|

effective therapeutic amcount of the antibody. Cptimal
precision in achieving concentrations of antibody within the
range that yields efficacy without toxicity reguires a
regimen based on the kinetics of the drug's availability to

k)

target sites. This idnvolves a consideration of the

~ibution, eguilibriuvm, and elimination of a drug.

Antibodies described hex may be used alone at appropriate
dosages. Alternatively, co-administration or seguential
administration of other agents may be desirable. It will be

49-
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possible to present a therapeutic dosing regime for the

antibodies of the present Invention in conjunction with

administration o¢f alternative prophylactic or therapeutic

regimes. An effective dosage regime will wvary depending
upon many cgifferent factors, including means of

administration, target site, physiological state of the

patient, whether the patient is human or an animal, other

medications administered, and. whether treatment is
prophviactic or therapeutic. For administration of a 13C3~

like antibody, the dosage ranges from about 0, 0001 to 100

mg/kg, and more usually 0.01 te 5 mg/kg of the hoest body

weight. In the case o¢f Alsheimer’s disease, amyloid
deposits occur in the brain, agents of the invention can

also be administered in conjunction with other agents that
increase passage of the agents of the invention across the
blood-braln barrier.

Another aspect regarding delivery and dosage regimes

o

for a 13C3-like antibody composition of the presen
invention relates to drug delivery via parenteral routes,
which may include non-injectable and indectable devices.
Typically, injectable compositions are prepared as either
sciutions or suspensions; solid forms suitable for

soiution in, or suspension in, liguid wvehicles rior to
injection can alsc be prepared. The preparation also can be
emuisified or encapsulated in liposomes or microparticles
such as polylactids, polyvglycoliide, or copolymer for
enhanced adiuvant effect, as discussed abov {see Langer,
1990, Scisnce 249: 1527-1523; and Hanes, 1597, Advanced Drug
Delivery Reviews Z8: 97-119). The agents of this invention
can be administered in the form o¢f a depot injection or

implant preparation which can be formuiated in such a mannexr

-50-
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as to permit a sustained or pulsatile release of the active
ingredient.

Specific embodiments include PLGA wicrospheres, as
discussed herein and as further known in the art, as well as
polymer-based non—degradable vehicles comprising poly
{ethylene~co-vinyl acetate; PEVAC) . Additionally,
controiled-release and localized delivery of antibocdy-based
therapeutic products is reviewed in Grailnger, et al., 2004,
Expert Opin. Biol. Ther. a{7y): 10281044y, hereby
incorporated by reference in its entirety. Suitable

.
microca

o
[

ules capable of encapsulating the antibody may aiso
include hydroxymethylcellulose or gelatin-microcapsules an

polymethyl methacrylate micreocapsulecs prepared by
coacervation technigues or by interfacial polymerization.
Ses  PCT publication WO 99/24061 entitled "Method for
Producing IGF-1 Sustained-Release Formulations,® wherein a
protein is encapsulated in PLGA microspheres, this reference
which 1is hereby incorporated herein by vreference in its
entirety. In addition, microemulsions or colleoidal drug

delivery systems such as liposomes and albumin microspheres,

N

may also be use Other preferred sustained-release

compositions employ a bicadhesive to retain the antibody at

3

the site of administration. As noted above, the sustained-
release formulation wmway comprisze a blodegradable polymer

inte which the antibody is disposed, which may provide for
non-immediate release. Non-injectable devices may I
ibed herein as an “implant”, “pharmaceutical depot
implant”, “depot implant”, “non-injectable depot” oxr some
ch similar term. Common depot implants may include, but
are not limited to, solid biodegradable andg non-
bilodegradable polymer devices (such as an extended polymer

or coaxial rod shaped device}, as well as pumercus puwp

51-
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systems also known in the art. Injectable devices are split

inte bolus injections (release and dissipaticn of the dru

«Q

»

subsequent to njection), and repository or depot

injections, which provide a storage reservoir at the site of

injection, allowing for sustained-release of the bioclogical

agent over time. A depot implant may be surgically tethered
50

to the peint of delivery

as to provide an adeguate
regervoir for the prolonged reiesase o0f the antibody over
time. Such a device will be capable of carrying the drug
formulation in  such quantilties as  therapeutically or

prophylacticaily required for treatment over the pre-

selected period. The depot implant may also provide
protection to the formulation from degradation by body
processes (such as proteases) for the duration of treatment.
As known in the art, the term “sustained-release” refers to

the gradual {(continuous or discontinucus) release of such an
agent from the block polymer matrisx over an extended period
of time. Regardliess of the speci device, the sustalined-

release of the 13C3-like antibody composition will result in

a local, Dbiclogically effective c¢oncentrations of the
antiboedy. A sustained release of the biological agent{s)
will be for a pericd of a single day, several days, a week

or more; bhut most likely for a month or more, ©r up to about
siz months, depending on the formulation. Natural ox
synthetic polymers known 1n the art will be useful as a
cdepoct implant due to characteristics such as versatile
degradation kinetics, safety, and blocompatibility. These

copelyners can be manipulated to modify the pharmacokinetics

of the active ingredient, shield the agent from enzymatic

attack, as well as degrading over time at the site of
attachment or injection, The artisan will understand that

there are ample teachings in the art tco manipulate the
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properties of these copolymers, including the respective
production process, c¢atalysts used, and final molecular
welght of the sustained-~release depot implant or depot
indection. Natural polymers include put are not limited to
proteins (e.g., collagen, albumin or gelatin;
polysaccharides {cellulose, starch, alginates, chitin,
chitosan, cyclodextrin, dextran, hyaluronic acid) and

lipids. Biodegradable synthetic polymers may include but
are not limited to varicus polyvesters, copolvmers £ L=
glutamic acid and gamma ethyl-L-glutamate (Sidman et al.,
1983, Biopcliymers 22:547-556), polylactides ([{PLAI; U.S.
rat. No. 3,773,918 and EP 058,481), pelylactate
polyglyeolate {(PLGA) such as polylactide—co-glycolide (see,

;6

for example, U.S. Pat. Nos. 4,76 8 and 5,654,008),

HJ
N

polyglycolide (PG), polvethylene glycol (PEG) conjugates of
poly{t~hydroxy acidsy, polyorthoesters, polyaspirins,
polyphosphagenes, vinylpyrroliidone, polyvinyl alcohol (PVA),
PVA-g~-PLGA, PEGT~PBT copolymer (polyvactive}, methacrylates,
poly (N-isopropylacrylamide), PEO-PPC-PEO (piurcnics), PEO-
PPO-PAA copolymers, PLGA-PEO-PLGA, polyorthoesters (POE), or

any c¢ombinations thereof, as described above (see,

Fh

or
example, U.S. Pat. No. 6,991,654 and U.S. Pat, Appl. No.
20650187631, each of which d1is incorporated herein by
reference in its entirety, hydrogels (see, for examuple,
Langer et al., 1881, J. BRBiomed. Mater. Res. 15:167-277;
Langer, 1982, Chem. Tech. 12:98-105, non-degradable
ethylene-vinyl acetate (e.g. ethyviene vinyl acetate disks

and polylethylene-co-vinyl  acetate)), degradable lactic

acid-glycolic acid copolyers such as the Lupron Depot®,
poly~D~({~)~3-hydroxybutyric acid (EP 133,9%88), hyaluronic
acid gels {see, for example, U.S. Pat. No. 4,636,524),

alginic acid suspensiocus, polyorthoesters (POE), and the

_53.
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like. Polyiactide and its

{PLGA) have Dbeen well known in

e
commercialization of the

the fi

J
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®
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.
sustai

rst parenteral

PLA polymers. Additional exsmples of

PLA and PLGA

the active ingredient include Atry

isease), Nutropin Depot (PLGAE

Depot (PLGA; prostate cancer).

included but are not limited to polyic-

N

nydroxybutyrate, Dpoly(B-malic acid)

polyanhydrides, polyurethane (see
pelyamides, oyclodestrans, polyorthossters,

polyethylene oxide/polyethylene

polyphosphazensa, polyphosphate,

polyerthoester, poiyeyanocacrylate,

polydihydropyran, and polvacytal. Non-

include but are not limited to various

O

Q

,—J
—

{carboxymethyl celiulose, ellulose

acetate propionate, ethyl cellulose,
celluliose) silicon-based implant
acrylic polymers, (poiymethacrylate,

polyhnydroxy (ethylmethylacrylate), as

co-{vinyl acetate), poloxanmer,

poloxamine, polypropviene, polvamide,
poly ethylene-

polytetrafluocroethyiene (PTF

butadiene rubber,
oxlde—-polystyrene

polymethylpentene, polysulfone and

polymers. Carriers suitable for

formulations include, but are not

54

copolymers

Lupron Depotm™,

as excipients to achleve
idox
with h

Other

Gid),

and poly{dlioxanone)j;

poiyethylene, peliypropviene,

other
gustai

Limiced

with glycolide
the the

1989 as

art since

approved in

o

formulation utilizing

products which utilize

sustained-reiease of
{(PLA; periodonta
and the Trelstar
synthetic polymers

caproliactone), poly3-

Wo 2005/013936),
n-vinyl alcchol,
terephthalate,
polvphosphonate,
polyethylenegylcol,
biodegradable devices

cellulose derivatives

acetate, cellulose
hydroxypropyl methyl

{pelydimethylsiloxane),
polymethylmethacrylate,

well as polyethylene-

polyvinylpyrrolidone,
rolyacetal, polyester,

chlorotrifluoroethylene,

um

Teflon™m) , styrene

polyphenylene

poly-a-chloro-p-xyviene,

related biocstable
ned-releas depot

Lo, micospheres,
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£ilms, capsules, particles, els coatings, matrices,
wafers, pills or other pharmaceutical delivery compositions.

Examples ot such sustained-~release formalations &

i
@

ty
(]

describ

~

above. See also U.S. Patent Nos. 6,953,593
n

o
6,946,146; 6,656,508; 6,541,033; and 6,451,346, the contents

of each which are incorporated herein by reference. The
dosage form must be capable of carrying the drug formulation
in such guantities and concentration as therapeutically
required for <treatment over the re—-selected periocd, and
must provide sufficlent protection to the formulation from
degradation by body processes for the duration of treatnent.
For example, the dosage form can be surrounded by an

exterior made of a material that has properties to prote

Q
ot

against degradation from metabolic processes and the risk
of, e.g., leakage, cracking, breaskage, or distcortion. This
can prevent expelling of the dosage form contents in an
uncontrelled manner under stresses it would be subijected to

2 » -

during use, e.¢g., due to physical forces exerted upon the

h)

drug release device as a result of normal joint articulation
and other movements by the nbiec or for example, in
convective drug delivery devices, physical forces assoclated
with pressure generated within the reservoir. The drug
reserveir or other means for hoeiding or containing the drug
must alsc be of such meterial as to aveid v

reactions with the active agent formulation, and is
preferably biocempatible (e.g., where the dosage form is
implanted, it is substantially non-reactive with respect to

a subject's body or body fluids). Generally, the respective

fuie

bioleglcal agent{s) is administered to an individual for at
least 12 hours to at least a week, and most likely wvia an

implant designed to deliver

]

drug for at least 10, 20, 30,

100 days or at least 4 months, or at least 6 months or more,

55,
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as required. The 13C3~like antibody can be delivered at
such relatively low volume rates, e.g., from about 0.001
ml/day to 1 ml/day so as to minimize tissue disturbance or
trauma near the site where the formulation is released. The
formulation may be releasaed at a rate of, depending on the
specific biolegical agent(s), at a low dose, e.g., from
apout 0.01 yug/hr or 6.1 ypg/hr, 0.25 wug/hr, 1 ug/hr,
generally up to about 200 ug/hr, or the formulation 1is
dgelivered at a low volume rate e.g., a volume rate of from
about 0.001 ml/day to .about 1 ml/day, for example, (.01
micrograms per day up f£o about 20 wmilligrams per day.
Dosage depends on a number of factors such as potency,
bicavailability, and toxicity of the active ingredient
(e.g., IgG antibody) wused and the reguirements of the
subject.
These and other objects, advantages and features of the

present invention will become apparen

¥

t
skilled in the art wupon reading the details of the
methodology and compositions as more fullv set forth below.
EXAMPLES

EXAMPLE 1: PREPARING THE PROTOFIBRILLAR FORM OF AMYLOID BETA
(BB42)

AB42 synthetic peptides {American Peptide Company,

Py

Inc., CA) were prepared according Lo the method descr

o3

by

be
6-178.

i
azoul et al. (Fezoui, et al. Amylold 7(3): 16
(2000)) Briefly, lyophilized AP42 was dissolved in 2mM HaOH
at a img/ml concentration (pH~10.5) followed by sonication
and lyophilization. NaOH-treated Af was dissclved in water
at a concentration of lmg/ml and filtered with a 0.22um
ULTRAFREZ-MC filter (Millipore, MA). A Q,5mg/ml peptide
solution was buffered at the final concentration of 50mM

phosphate; 100mM sodium chloride and incubated for 4 hr, at
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room temperature, To separate the protofikbrillar form from

the low-molecular weight proteins, the supernatant was
fracticonated using size-exclusion chromatography. Purified
SEC fractions were then stored at 4C°.

Various forms of the AP42 protein are represented as
showing its ability as a monomer or dimer to associate
together to form a high-molecular weight oligomer
{protofibril; {Figure 1). Furth aggregation of the
soluble protofibrils creates an inscluble form of the
protein, whereas the protofibrils can disassoclate back to a
lower-molecular weight form,

To purify the protofibrillar form of AR from the low-
molecular welght proteins, samples were fractionated with an

AKTA chromatography system using a

[¢2]

uperdex 75 size~
exclusion column. Figure 2A shows that without dincubating
the AL 42 synthetic peptides at rcom temperature, there is
no aggregation of oligomers to form the protofibrils.
Figure 2B illustrates that after a 4 hr. incubaticn of the

1ithetic peptides, subsequent SEC purification shows a

pd
o
My
-
»
<

ve protofibril fraction.

: GENERATING MCNOCLONAL ANTIBODIES WITH SPECIFICITY
TOFIBRILLAR AR

7
@
o
e
o
@]
O oo

The 13C3, 19A6, and 1Dl antibodies were cCreated Dby
immunizing Balb/c mice with the fibrilliar AP protein using
a protocol known in the art. (Harlow, et al, Cold Spring
Harbor Laboratory.(1988)) Spleens were removed and fused
with SP2 myeloma cells in several 96 well plates. Fusion
cultures were monitored for growth and supernatants were
screened for their ability to bkind the protcofibrilliar

fraction by antibody—capture immunoassays.

57-
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EXAMPLE 3: CHARACTERIZATION OF MONOCLONAL ANTIBODIES WITH
SPECIFICITY FOR PROTOFIBRILLAR AR

Antibody capture assays were used to further
characterize the mwmonoclonal antibodies produced £from the
hybridomas (1303, 1926, nd 1DL). To microtiter plates,

a
50ul of a 2ug/ml protofibrillar AB42 protein solution was

added to each well and the plates were incubated at 4°C
overnight. After incubaticn, the residual antigen solution
was removed and washed with PBS sclution. Serial dilutions

the hybridoma supernatants were added to the plates

o
P4

containing the bound antigen and incubated for 1 hour at
room temperature. This ©primary antibody solution was
removad and the wells were again washed with PBS solution.
An  enzyme-labele secondary antibody was next added and
incubated for 1 hour at room temperature. After removal of
the secondary antibody solution, a chromogenic substrate
specific for the conjugated enzyme, was added to the

and the detectior captured antibody yielded

I
®
»
9]
¢—‘>
it
o
ja
O
Fh
¢t

by
(D

quantitative results.
Additionally, changing  the secondary reagent to

isotype~specific anti-immonoglobulin antibodies fhe

particular immunoglobulin isotype o©f each moncclonal was
identified. In these experiments, commercially availlable
anti-AB42 antibodies were used Lo compare the binding
ieity of 13C3, 1926, and 1D1 monoclional antibodies,
Figures 3A and B idllustrate the protofibrillar (PF) and
the low-mclecular welght (LMW) forms of the AP4z peptid
used to test the specificity of the 13C3 antibody in
antibedy capture immuncassays. Specifically, Figure 3A
Zllustrates the plot generated from the ELISAs showing that
the 13C3 antibody 18 specific for the protofibrillar

form(PF)y of AR4Z and does not recognize the low-molecular



weight (LMW) forms of the protein. Figure 3B illustrates the
ELISA data with the commercially available 4G8 antibody
showing that it recognizes both the low-molecular weight an
the protofibrillar forms of the ARB4Z protein.

EXAMPLE 4: SPECIFICITY OF MONOCLONAL ANTIBODIES TO THE
PROTOFIBRILLAR FORM OF AB42 USING SURFACE PLASMON RESONANCE
{bIACORE) .

The purified monocional antibodies listed 4in Table 1

(below), were Immocbilized to a BIAcore sensor chip in

jas)

accordance with publish protocols, {(Nice, et al. BicEssays
I

21: 339-352 (1899)). The high s

nsitivity of the BIJ

®

optical response quantifies a change in reflectivity and a

5

baseline response for the ligand alone is generated. Th

m

1

interaction analysis 1s performed as the analytes, the LMW
form or the PF form of AR42, are injectsd in solution over
the sensor chip and the change in surface plasmen resonance
generates & response identifying the specificity c¢f each
antibody’s ability to bind LMW and PF AB42. Both the 13C3
and the 1926 antibodies all bound to the PF form of AR 42

h

with higher specificit Than the LMW form. Of ai
g Y

fo?

ol

antibodies wused 1in  this experiment, the commercially-
avallable antibodies showed higher specificity for the LMW
AB42 over the PF form of AR 42, as indicated the ratio of PF

tinding/ LMW binding,

BIACORE Binding Ana!yms
Isotype

Source

Epitope

AR 15 lgG2b  Elan Pharmaceuticals 424.6 4027 0.8
AR 17-22  1gG2b  Senetek Inc. 228.6 340.3 1.5
AB 3-8 lgG2b  Senetek inc. 400.1  541.% 1.4
AB1-17  lgGt 1BL 62.9  68.4 1.0

The Surface Plasmon Resonance Analysis shown by

ok

sensorgram that 13C3 (Fi

;.
Q

ure 4B) does not bind the LMW forms

-56.
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of A 42 protein. However, the 4G8 (Figure 4A) shows a
standard assoclation/disassociation curve for the LMW AR42
protein, The antibody isoctype control IgGl (Figure C) does
not bind the LMW AR as well. Automated BIAcore systems,

which use the detsction principle of Surface Plasmon

]

Rescnance, were used iIn these experiments, The binding
specificity data for the 1846 antibody showed that 1846 had
a binding ratic of 5.8, which is similar to that of 13C3 at
a ratio of 5.3.
EXAMPLE 5: EPITOPE MAPPING COF THE 13C3 ANTIRBRODY

Mapping the epitopes of 13C3, 1Dl and 19A6 was
conducted using the RepliTope jicroarrays system {JPT
Peptide Technclogies GmbH) according to published protocol.
{Korth, et al. 380: 74 (1997)). Fach spot on the
microarray contains a 13 amino acid peptide of APR42 where
cach shift in position on the microarrsy represents an amino

acid shift {(fom N-term to C-term), i.e. SEQ ID NO: 23, SEQ

ot

D NO: 24..8EQ ID NO: 5i; and SEQ ID NO: 52Z. Listed bhelow
are the peptides and their exact amino acid seguence,
corresponding to theixr position on the slide array. Once
the peptides are Ifixed to the RepliiTope Microarray, the
samples are incubated with the 13C3 antibody and then.

subseguently labeled with a secondary that is c¢onjugated to

a chemiluminescence tag of choice. The spots that yield a
signal represent the epitope binding sites on the protein by

Esp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His (8EQ ID NO»
233
Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His (SEQ ID NO:
24)
Glu Phe Arg His Asp Ber Gly Tyr Glu Val His His Gln (3EQ ID RO:
25)
Phe Arg His Asp Ser Gly Tyr Glu Val His His Gin Lys (SEQ ID NO:
26)
Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys Leu (SEQ ID NO:
27



a2
h

His Asp Ser Gly Tyr Glu Val His His Gin Lys Leu Val (SEQ ID NO:
28}
Rgp Ser Gly Tyr Gilu Vsl His His Gln Lys Leu Val Phe (SEQ ID NO:
28)

Ser Gly Tyr Glu Val His His Gln Lys Leu Val Phe Phe (SEQ ID NO:

22; Tyr Glu Val His His Gin Lys Leu Val Phe Phe Ala (SEQ ID NO:

i;i Glu Val His His Gln Lys Leu Val Phe Phe Ala Glu (SEQ ID NO:

2

éii Val His His Gln Lys Leu Val Phe Phe Ala Glu Asp (SEQ ID NO:

h

;i; His His Gln Lys Leu Val Phe Phe Ala Glu Asp Val (SEQ ID NO:

;3; His Gln Lys Leu Val Phe Phe Ala Glu Asp Val Gly (SEQ ID NO:

;i; Gln Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser (SEQ ID RO:

gii Lys Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn (SEQ ID NO:
)

i;; Leu Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys {(SEQ ID NO:

ZEL Val Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly (SEQ ID NO:
G

321 Phe Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala (SEQ ID NO:

A

;g; Phe Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile (SEQ ID NWO:

Ei; Ala Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile (SEQ ID NO:

42

Ai; Glu Asp Val Gly Ser Asn Lys Gly Ala Ile Ile'Gly {SEQ ID NO:

43)

Glu Asp Val Gly Ser Asn Lys Gly Ale Ile Ile Gly Leu (SEQ ID NO:
/|

i:é Val Gly Ser Asn Lys Gly Ala Ils Ile Gly Leu Met (SEQ ID NO:

4

éii Gly Ser Asn Lys Gly Ala Ile Ile Gly Leu Met val {(88Q ID NG:

éi; Ser Asp Lys Gly Ala Ile Ile Gly Leu Met Val Gly (SEQ ID NO:
7

ge; Asn Lys Gly Ala Ile Ile Gly Leu Met Val Gly Gly (SEQ ID NO:

48)

Asn Lys Gly Ala Ile Ile Gly Leu Met Val Gly Gly Val (SEQ ID NO

4

Lii Gly Ala Ile Ile Gly Leu Met ¥Val Gly Gly val val (SEQ ID NO:

gg; Ala Ile Ile Gly Leu Met Val Gly Gly Val val Ile (SEQ ID NO:
1

iii Ile Ile Gly Leun Met Val Gly Gly val val Ile Ala (SEQ ID NO:

52)

61-
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Figur 5A illustrates a dot Dblot from a RepliTope
Microarray experiment identifying the epitopes o©f the
antibodies, 13C3, 1Dl and 4G8 on the A 1-42 peptide. The

bound antibody 1s represented by a chemiluminescent signal.

p

Figures 5B 1ilustrates the Af 1-42 amino acild seguence
showing the polypeptide segments of the 13C3 epitopes as
they occur in the seguence. The 1DI antibody shows the
same epitopes as the 13C3 whereas the commercial 468
antibody identifies a different epitops.
EXAEMPLE 6: CHARACTERIZATION OF 13C3 SPECIFICITY

Figure 6 illustrates fractions from size-exclusior
chromatography of the supernatants from the 7PAZ cell line,
a secreting AP oligomer cell line. Artibody capture assays
were used to further characterize the binding of the 13C3
antibody with the protofibrillar and low-molecular weight
fractions from the SEC-purified 7PAZ. To wmicrotiter
plates, 100ul of a 1:200 dilution of each fraction was added
to each well and the plates were incubated at 4°C overnight.
After incubation, the residual antigen sclutlon was removed
and washed with PBS sclution Serial dilutions of the 13C3
supernatants were added to the plates containing the bound
antigen and incubated for 1 hour at room temperature. This
primary antibody soluticn was removed and the wells were
again washed with PBS soclution. An enzyme-labeled secondary
antibody was next added and incubated for 1 hour at room
temperature. After removal of the secondary antibody
solution, a chromogenic substrate specific for the

coniugate enzyme, was added to the xeaction and

T

he
detection of the captured antibody yielded guantitative
results. This assay ddentified that the 13C3 antibody
specifically recognizes only the protefibrillar fraction

1

nereas the 4GB antibody recognizes all fractions. he 7PAZ



10

20

30

cell line was provided by Dennis J. Selkos, M.D. at Harvard
Medical School.
EXAMPLE 7 CHARACTERIZATION OF 13C3 REACTIVITY BY EM.

The method of staining was performed using a standaxrd
protocol, {Brenner, et al. Biochim. Biophys. Ada 34, 103~

110 (19593). A small volume (10 microliters) of a 0.2mg/ml

o
5t
C
O
i
} I,

ibrillar solution was applied to carbon-coated formvar

rids (400 mesh) for 2 min. Then the ¢grids were blocked in
1%BSA and incubated with the 13C3 antibody followed by a
subseguent incubation with a secondary antibody conjugated
to colloidal gold. The samples were negatively stained by
placing on 2 successive drops of 2% phosphotungstic acid for
30 sec each. Excess stain was drawn off with filter paper,
the grids were air dried, and observed on a JEOL 100CX
cransmlssion electron micrcescope  at  80kV. Inages wers
recorded on large format Kodak 4489 negatives and digitized
on a flat bed scanner.

IEM (Inmmuno-Electron Milcroscopy) images showing the
binding specificity of the anti-Af antibody clone 13C3 to
AR47Z fibers (Figures 7B and 7C), whereas the isotvpe control
antibody, IgGl shows no binding (Figure 7A)., The secondary
antibody 1s conjugated to a colloidal gold particle.

EXAMPLE 8: 13C3 TREATMENT OF A MOUSE MODEL OF HUMAN AED

The 13C3 monoclonal antibody was used to treat AP

placgues in an Alzheimer’s Disease mouse model, TgCRNDS. The

mouse contains the human APP6Z5  cDNA transgene, which

';‘_)

accelerates the deposition of AR amyicid plagues in the
mouse Dbrain, appearing within 1 wmonth of age. A sample
£ 5 TgCRHND8 mice five weeks in age were give
immunizations . of the 13C3 wmoncclonal antibody at  a
concentraticon of 10mg/ kg of mouse once a week for the

duraticn of seven weeks. A second group of 5 TgCRND8 mice,

-63-
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were given the treatment course, however an isotype control
IgGi antibody was administered. Experiments were repeated
with Treatments at twice a week instead of once a week.

Both control and experimental animals were sacrific

at 12 weeks of age. Histological preparations of the brains
revealed reductions in AR plagues in 13C3 treated mice.
Serial sections of cryopreserved brains from TgCRNDS
mice were treated with 13C3 or IgGl monoclonal antibodies
Figures 8A and 8B illustrate differences in the number of AR
amyloid plagques between each respective antibody,

Statistical T-tests show that the 13C3 antibody
treatment at once a week reduces AR amyloid plagues in the
Eizheimer Disease model (Figure 9SA). However, twice a week
treatments (Figure 9B) show the same level of plagque
reduction,

All of the above TgCRNDE mice were obtained from Dr.
David Westaway of the University of Toronto.

EXAMPLE 9: MOLECULAR CHARACTERIZATION OF THE VARIABLE
REGIONS OF MAB 13C3

The IgG heavy chaln variable region and the IgG Kappa
light chain region were cloned from the 13C3 hybridoma.

1
Both heavy and light c¢hain sequences (Figure 10) were

nalyzed using VBASEZ (http://www.vbaseZ.org), a database of
germ~line variable genes from the immunocglcbulin loci of

human and mouse extractad from the IZMBL-Bank and Ensembl
data libraries. (Retter et al. Nucleic Acids Res. 33:D671-4
(2005)). Results for the analysis identified that both the
heavy and light chain variable regions were from a newly
identified immunoglobulin but had 73% and 81% identity,
respectively, to other immunoglcbulin variable regions in
the database. Also identified in these segquences against

these databases were the Frame Work Regions (FWR) and the

Complementarity Determining Regilons (CDR). Results were
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only slightly wvaried when seguences were analyzed against
VBASE, KABAT, and IMGT/LIGM database.

EXAMPLE 10: ACUTE PERIPEERAL ADMINISTRATION OF 13C3 IN APP
TRANSGENIC MICE DOES NOT LEAD TO AN INCREASE IN PLASMA AR
UNLIKE REFERENCE ANTIBODY 3D6 ADMIWISTRATION

APP transgenic mice (Thy APPSL, age 10-14 weeks) were
injected intraperitoneally at the dose of 10 mg/kg {(i.e.,

300 pg/mouse) with antibodies 13C3, a control IgGl (DM4, not
recognizing AB) and a reference anti-AB antibody 3D6
recognizing all conformers of AB. Plasma AR was quantified
at time zero pre-injection, 6h, 24 h and Tdays pcs

injection in the same mice., Quantification of plasma AB was

performed with an immuncassay using anti-AR antibody pairs

P i e

interfering with 13C3 or 3D6 binding to AR.

¢t

no

Administration o©of  3D6, an antibody against all
conformers of AR, leads to a large increase in plasma AR,
likely by protecting Ab molecules from degradation. This
effect was used 0o suggest the potential “peripheral sink”
hypothesis as mechanism of action of anti-AR immunctherapy

al., 2001, PNAS 17:8850). Unlike 3D6, 13C3

e
[0
;’3
]
o
s
O
d
®

administration does not lead to any increase in pl

}‘_1

asma Ab
levels. This is consistent with the properties of 13C3, an
antibody that is specific for the protofibrillar forms of Ab
and 1is not recognizing the scluble mono~ or oligomeric forms
of AR peptide. These forms are the likely ones present in

pl.asma B

EXAMPLE 11: 13C2 RECOGNIZES HUMAN AMYLOID NEURITIC PLAQUES
(AGGREGATED) IN AD BRAINS BUT NOT THE DIFFUSE Af DEPOSITS

UNLIKE THE REFERENCE 3D6 ANTI~AR ANTIBODY
Immunohistochemistry studies were performed with 13C
and 3D6 antibodies on human Alzheimer- ~diagnosed lkrain
sections using standard technigues. Antibody immunostaining
was detected with & DAB chromogen (Fig. 12). 13C3 labels

amylold deposits with a typical morphology of mature amyloid
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neuritic plagues (also calied dense plagues) with a very
dense core surrocunded by a lighter halc or for the larger
plagques a very strong staining. In adjacent brain sections,
3D6 stains many more objects than 13C3 as seen at lower
magnification (Fig. 1z, left panels) . Further
characterization at higher magnification (Fig. 12, right
panels) indicated that 3D6 labels the same mature amyloid
neuritic plagues as 13C3 and, in addition, numerous diffuse
amyloid deposits that have been classically described using
anti-AfH immunolabelling. The diffuse plagues are not of
fibrillar nature as described in the literature as they
cannot e detected by thicflavin S and other histological
markers of fibrils (Mann, 1989, Ann. Med. 21:133). To rule
out differences in sensitivity of the two antibodies,
similar experiments were conducted with a higher
concentration (20 pg/ml) of 13C3 and again diffuse deposits
could not be detected. This data 1is consistent with the
properties of 13C3, an antibody that 1is specific for the
protofibrillar forms of AR and 1is not recognizing the
soluble monc— or cligomeric forms of AR peptidé unlike 3D6.
INDUSTRIAL APPLICABILITY

The invention has applications in the treatment and
diagnosis ©of Alzheimer’s disease.

All publications cited in the specificacion, both
patent publications and  non-patent  publications, are
indicative of the level of skill of those skilled in the art

to which this dinvention pertains. All these publications

O]

re herein fully incorporated by reference to the sanme

’T

extent as 1f each individual publication were specifically
andg individually indicated as being incorporated by

%

reference.
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Although the invention herein has been described with
reference to particular embodiments, 1t 1s to be understood
that these embodiments are merely illustrative of the
principles and applications ©of the present invention. It is
therefore to be understood that numerous modifications may
be made to the illustrative embodiments and that other
arrangements may Dbe devised without departing from the

spirit and scope of the present invention as defined by the
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WHAT IS CLAIMED IS:

1. An isoclated antibody that specifically interacts and
shows a measurable affinity to a conformational epitope of a
protofibril form of AR peptide, whereby the protofibril
epitope 1s represented by an exposed region of a Ap-
protofibril form comprising the amino acid sequence as set
forth in SEQ ID NO:2, wherein said antibody shows minimal or
no affinity for monomer or dimer forms of AR peptide, and
wherein saild specific interaction is characterized by a ratio
of the affinity for the protofibrillar AR form to the affinity
for the low mwmolecular weight AR form ("PF/LMW ratio") of
greater than about 2.

2. The antibody of claim 1 which is a monoclonal antibody.

3. The antibody of claim 2 which is a humanized monoclonal
antibody or a human monoclonal antibody.

4. The antibody of c¢laim 1 ox 2, further comprising a
variable light chain comprising a CDR1 region as set forth in
SEQ ID NO: 13, a CDR2 region as set forth in SEQ ID NO:14, and
a CDR3 as set forth in SEQ ID NO:15.

5. The antibody of claim 4 which is a humanized monoclonal
antibody.

6. The antibody of any one of claims 1-5, whereby the
protofibril epitope 1s represented by an exposed region of a
Ap-protofibril form comprising an amino acid sequence selected
from the group consisting of SEQ ID NO:3 and SEQ ID NO:4,
wherein said antibody shows minimal or no affinity for monomer
or dimer forms of AP peptide.

7. The antibody of claim 6 which is a monoclonal antibody.
8. The antibody of claim 7 which is designated 13C3.

9. The antibody of claim 7 which is a humanized monoclonal
antibody or a human monoclonal antibody.

10. The antibody of claim 6 or 7, further comprising a
variable light chain comprised of the amino acid seguence as
set forth in SEQ ID NO:5, or a variable heavy chain comprised
of the amino acid sequence as set forth in SEQ ID NO:7.
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11. The antibody of claim 6 or 7, further comprising a
variable light chain comprising a CDR1 region as set forth in
SEQ ID NO0:13, a CDR2 region as set forth in SEQ ID NO:14, and
a CDR3 as set forth in SEQ ID NO:15.

12. The antibody of c¢laim 11 which is a humanized
monoclonal antibody.

13. The antibody of claim 6 or 7, further comprising a
variable heavy chain comprised of a CDR1 region as set forth
in SEQ ID NO:20, a CDR2 region as set forth in SEQ ID NO:21,
and a CDR2 as set forth in SEQ ID NO:22.

14. A method of producing an antibody of any one of
claims 1-13, comprising:

(a) immunizing a mammal with the protofibril form of B-
amyloid peptide;

(b) harvesting B-cells of said mammal;

(c) creating hybridomas from the harvested B-cells,
wherein said hybridomas produce antibodies; and,

(d) selecting hybridomas which produce antibodies
specifically binding to the protofibril form of B-
amyloid peptide while showing minimal affinity to
monomer or dimer forms of f-amyloid peptide.

15. An in vitro method for guantifying the amount of a
protofibril form of B-amyloid peptide in a tissue or £fluid
sample, comprising:

- (a8) contacting a tissue or fluid sample obtained from a
subject with an antibody according to any one of
claims 1 to 13 or fragment thereof that specifically
binds to the protofibril form of f-amyloid peptide
while showing minimal affinity to low molecular weight
forms of P-amyloid peptide; and,

(b) quantifying the amount of protofibril form of p-
amyloid peptide in the sample.

16. The method of c¢laim 15 wherein the antibody 1is

monoclonal antibody selected from the group consisting of
13C3,1D1 and 19A6.
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17. A kit for detecting protofibril form of p-amyloid
peptide while showing minimal affinity to a low molecular
weight form of B-amyloid peptide, comprising:

(@) an antibody of any of claims 1-13 or a fragment
thereof, capable of specifically binding in vitro to a
repeating conformational epitope of a protofibril form
of p-amyloid peptide while showing minimal affinity to
low molecular weight forms of B-amyloid peptide; and,

(b) a reagent that binds, directly, or indirectly, to said
antibody or the fragment thereof.

18. The kit of claim 17 wherein the antibody 1is
monoclonal antibody selected from the group consisting of
13C3,1D1 and 19A6.

19. A pharmaceutical composition comprising an antibody
according to any one of claims 1 to 13.

20. A pharmaceutical composition comprising a variable
region fragment of an antibody according to any one of claims
1 to 13 which specifically interacts with the protofibrillar
form of B-amyloid, wherein said specific interaction is
characterized by a ratio of the affinity of said variable
region fragment for the protofibrillar AR form to the affinity
for other AP forms greater than about 2.

21. The pharmaceutical composition of claim 20 wherein
the antibody is a monoclonal antibody.

22. The pharmaceutical composition of claim 21 wherein
the monoclonal antibody is an antibody selected from the group
consisting of 13C3,19A6 and 1D1.

23. The pharmaceutical composition of claim 21 wherein
the monoclonal antibody is a humanized monoclonal antibody or
a human monoclonal antibody.

24. The pharmaceutical composition of claim 20 or 21,
wherein the antibody further comprises a variable light chain
comprising a CDR1 region as set forth in SEQ ID NO:13, a CDR2
region as set forth in SEQ ID NO:14, and a CDR3 as set forth
in SEQ ID NO: 15.
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25. The pharmaceutical composition of claim 23, wherein
the antibody is a humanized monoclonal antibody.

26. A hybridoma which secretes an antibody selected from
the group consisting of 13C3,19A6 and 1D1.

27. An isolated nucleic acid molecule encoding a
variable heavy chain fragment of monoclonal antibody 13C3
wherein the variable heavy chain fragment comprises the amino
acid sequence as set forth in SEQ ID NO:7.

28. An isolated nucleic acid wmolecule encoding a
variable heavy chain fragment of monoclonal antibody 13C3
wherein the nucleic acid molecule comprises the nucleotide
sequence as set forth in SEQ ID NO:8.

29. An expression vector for the expression of a
variable heavy chain fragment of monoclonal antibody 13C3 in a
recombinant host cell wherein said expression vector contains
the nucleic acid molecule of claim 27.

30. A host cell which expresses a variable heavy chain
fragment of monoclonal antibody 13C3 wherein said host cell
containg the expression vector of claim 29.

31. An isolated nucleic acid molecule encoding a
variable 1light chain fragment of monoclonal antibody 13C3
wherein the variable light chain fragment comprises the amino
acid sequence as set forth in SEQ ID NO:5.

32. An isolated nucleic acid molecule encoding a
variable 1light chain fragment of monoclonal antibody 13C3
wherein the nucleic acid molecule comprises the nucleotide
sequence as set forth in SEQ ID NO:6.

33. An expression vector for the expression of a
variable light chain fragment of monoclonal antibody 13C3 in a
recombinant host cell wherein said expression vector contains
the nucleic acid molecule of claim 32.

34. A host cell which expresses a variable light chain

fragment of monoclonal antibody 13C3 wherein said host cell
contains the expression vector of claim 33.
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35. An  isolated variable Theavy chain fragment of
monoclonal antibody 13C3 which comprises the amino acid
sequence set forth in SEQ ID NO:7.

36. An isolated wvariable 1light <chain fragment of
monoclonal antibody 13C3 which comprises the amino acid
sequence set forth in SEQ ID NO:5.

37. Use of a pharmaceutically effective amount of an
antibody according to any one of claims 1 to 13, characterized
by being for manufacturing a medicament useful for treatment
and/or prevention of beta-amyloid plague deposition associated
with the onset and progression of Alzheimer's disease.

38. Use of an antibody according to any one of claims 1

to 13, characterized by being for manufacturing a medicament
useful for treating Alzheimer's disease.
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