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COMPOSITONS AND METHODS FOR
TREATING AMYLOID PLAQUE ASSOCIATED SYMPTDMS

GOVERNMENRT SUPPORT
[O01T  This nvention was made with governiment support under AGO1 3958

awarded by the NIH. The government has certain rights in the invention.

FIELD OF THE INVEKTION

vt

002 The invention relaies to compositions and methods for delaying or
preventing AR plague associaied symptoms, such as those associgted with Alzheimer's
Diseage (AD) in 2 sublect. In particular, the invertion relates to modulaling the
concentration of amyloid-p (A3} In the brain of a subject. |

BACKGROUND OF THE INVENTION

00031 Alzheimer's Disease (AD) is the most common cause of dementia and is

an increasing public health problem. It is currently estimated o afftict 5 million people in
the United Slates, with an expecied increase to 13 million by the year 2050

Alzheimer's Dissese leads to loss of memory, cognitive funclion, and ultimately loss of
independence. [ttakes a heavy personal and financial toll en the subject and the family.
Because of the severity and increasing prevalence of the disesase in the population, itis
urgent that betler treatments be developed.

10004:  Biochemical, genetic, and animai modél evidence implicates amyloid-3
{AB} as & pathogenic peptide in AD. The neuropathologic and newochemical hallmarks
of AD include synaptic loss and selective neuronal death, a decrease in certain
neurotransmitters, and the presence of abnormal proteinaceous depasits within neurons
(neurclibriliary tangles) and i the extraceliular space {cerebrovascular, diffuse, and
neuritic plagues). The main constituent of these plagues is AB, & 38-43 amino acid
sequence peptide cleaved from the amyloid precursor profein (APP).

(60057 Throughout life, soluble AR 5 secrefed primarily by neurons, but also other
cell types. Excessive AR deposilion may resull from increased AR synthesis, as ocours
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in familial early-onset AD, or decreased A clearance in brain. The lack of compelling
evidence that AR production occurs in the more common fate-onset forms of AD
suggests that insufficient AP clearance may drive AR deposition and amyloid plague
formation as well. |

[0006] The apolipoprotein E (Apok) gene remains the most widely replicated
genetic risk factor for late-onset AD, with carriers of the E4 allelle having a 3-15-fold
greater risk as well as an earlier age of disease onset. |In brain, ApoE is mainly
synthesized and secreied by astrocytes and microglia which are found to surround
amyloid plagues. The present invention provides Apok antibodies effective at reducing

amyloid plaque load in AD mouse modeis.

SUMMARY

[0006a] In one aspect, there is provided the use of at least one anti-ApoE antibody
in the manufacture of a medicament for reversing at ieast one symptom or sign of Ap
plague associated symptoms in a subject having Alzheimer's disease, Lewy body
dementia, or cerebral amyloid angiopathy.

[0008b] In one aspect, there is provided the use of at least one anti-ApoE antibody
in the manufacture of a medicament for decreasing the amyloid plague load in the brain
of a subject having Alzheimer's disease, Lewy body dementia, or cerebral amyloid
angiopathy.

[0007]  Disclosed is a method of effectively treating at least one clinically
detectabie AR plaque associated symptom which comprises administering an effective
amount of an anti-ApoE antibody to a living human subject. Also disciosed is an
antibody useful in such treatment. For instance, an antibody that therapeutically

attenuates the toxic effects of the AR peptide in a living mammal.



[0008] Disclosed is a composition comprising at least one anti-ApoE antibody. In
one embodiment, the disclosure encompasses a composition comprising at least one
anti-ApoE antibody produced from hybridoma HJ6.1, HJ6.2, HJ6.3, HJ6.4 or a
combination thereof. in one embodiment, the disclosure encompasses a medicinal
composition comprising at least one anti-ApoE antibody. In one embodiment, the
disclosure encompasses a medicinal composition comprising af least one anti-ApoE
antibody produced from hybridoma HJ6.1, HJ6.2, HJ6.3, HJ6.4 or a combination
thereof.

[0009]  Yet another embodiment of the disclosure encompasses a medicinal
composition useful to treat at least one clinically detectable AB plaque associated
symptom. The composition comprises a medicinally effective amount of an anti-Apok
antibody adapted for administration to a living human subject. in one embodiment, an

antibody usefui in such
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treatment includes an antibody that therapeutically attenuates the toxic effects of the AR
peptide in a living mammal. In one embodiment, the medicinal composition is
effectively administered to a living subject.

[0010]  Still another embodiment the disciosure encompasses a medicinal kit
comprising a container containing a functional therapeutic medicinal composition of a
medicinally effective amount of an anti-Apok antibody adapted for administration to a
living human subject and any medical devices to be used for said administration. In one
embodiment, an antibody useful in such treatment includes an antibody that
therapeutically attenuates the toxic effects of the AB peptide in a living mammal.

[0011]  Other aspects and iterations of the disclosure are detailed below.

BRIEF DESCRIPTION OF THE FICURES
[0012]  FIG. 1 graphically depicts a strong effect of anti-ApoE antibodies in

decreased amyloid piaque load in samples of hippocampus from PS/APP mice treated
intraperitoneally once weekly with 10 mg/kg beginning at 3 months of age until 7 months
of age with either an anti-AB antibody (HJ3.4) or one of two anti-ApoE antibodies (HJ6.2
or HJ6.3). The control group was treated with phosphate buffered saline (PBS). Animal
numbers assessed are N=7 (PBS), N=16 (HJ3.4), N=16 (HJ6.2), N=16).

[0013]  FIG. 2 graphically depicts a strong effect of anti-ApoE antibodies in
decreased amyloid plague load in samples of brain cortex from PS/APP mice treated
intraperitoneally once weekly with 10 mg/kg with either an anti-AB antibody (HJ3.4) or
one of two anti-ApoE antibodies (HJ6.2 or HJ6.3). The control group was treated with
PBS. Animal numbers assessed are N=7 (PBS), N=16 {HJ3.4), N=16 (HJ6.2), N=16).

[0014]  FIG. 3 graphically depicts binding of anti-apoE antibodies HJ6.1, HJ6.2,
HJ6.3 and HJ6.4 to human apoE using an ELISA assay.

[0015]  FIG. 4 graphically depicts (A) binding of anti-apoE antibodies HJ6.1,
HJ6.2, HJ6.3 and HJ6.4 to human apok in plasma, and (B) levels of cholesteroi in the
same mice that received the HJ6.1, HJ6.2, HJ6.3 and HJ6.4 antibodies.

[0016]  FlG. 5 graphically depicts the presence of anti-apok antibodies HJ6.1,
HJ6.2, HJ6.3 and HJ6.4 in the central nervous system after peripheral administration.
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(00177 FUE. 6 graphicaily depicts microglial activation after short term
adminisiration of HJ6.2 and HJB.3 {anti-apok antibodies), and HJ3.4 (an anti-AR
antibody} to rice over 10 days.

[D018)  FliE. 7 depicts the amino acid sequences of (&) HJE.1 heavy chain
vafiable region and first constant region (SEQ 1D NO:4); (B) HJ6.1 light chain variable
region and constant region (SEQ 1D NO:2Y, (C) HJG.2 heawy chain variable reglon and
first constant region (SEQ 1D NO:8j; (D) HUB.2 light chain variable region and constant
region (SEC 1D NO:6); {E) HJB.3 heavy chain variable region and first constant region
(SEQ 1D NGO 2y, (Fy HJB.3 light chain variable region and constant region (SEGH D
NO:10Y (G) HJB .4 heavy chain variable region and first constant region (8EQ 1D
NOUBY; (H) HJE.4 light chain variable region and constant region (SEQ 1D NO4).
Hegions comprising CORs are highlighted.

DETAILED DESCRIPTION
[G018)  Applicants have discovered antibodies and methods of use thereof for

affectively treating AD plague associated symptoms. The method comprises effectively
adminisiering & pharmacologically effective amount of anti-Apek antibody to a living
subject. The present invention encompasses the discovery that anti-Apol antibodies

- provide g treatment for subjects suffering from AR plaque associated symploms. Thus,
the invention provides evidence that signs and symptoms of AD plague associated
symptoms may be due, at least in part, to the deleterious effects of ApgE. In an aspect,
at least one predlinical or clinical symptormn or sign is presented by that subject. In an

aspect, an antibody useful in such treating includes an antibody that therapeutically
atienuates the toxic effects ¢f the AR peplide in a living mammal. in an aspect,
antibodies useful in such freating Include those which bind an epilope within AppE.

{00201 in an aspect, an anli-Apok antibody is admixed with at isast one sultable
compatible agiuvant or excipient resulling in & therapeutic medicinal composition which
15 capably and effectively administered (given) to a iiving subject, such as to & human
afflicted with AD plaque associated symploms. Typically this is an aqueous composition
of high puriy.
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ozt As used herein, the terms "treating” or "treaiment” include prevention,
attenuation, reversal, or improvement in atleast one symyptom or sign of AR plague
assockated symploms.

00227 As used herein the term "therapeutically attenuate” includes inducing 2
change or having a beneficial positive effect resulting therefrom.

(0023 One definition of AR plague associated symploms refers to any symplom
caused by the formatlion of amyloid plagues being composed of regulary ordered
fibrillar aggregates callgd amyloid fibrils. Exemplary disorders that have AR plague
associated symploms include, but are not imited to, Alzheimer's Disease, Lewy body
demerntia, and cerebral amyloid angiopathy.

0024]  Exemplary AR plague associated symptoms may include impairad
cognitive function, altered behavior, emotional dvsregulation, seizures, impaired
nervous system structuré or fJunclion, and an increased risi of development of
Alzheimer's disease. Impaired cognitive Tunction may include but is not limited o
difficutties wilh mermnory, attention, coneentralion, language, abstract thought, creativity,
executive function, planting, and organization. Allered behavior may include but is viot
lirmited to physical or verbal aggression, impulsivity, decreased inhibition, apathy,
decreased infiation, changes in personality, abuse of alcohol, tobacco or drugs, and
ather addiction-related behaviors. Emetional dysregulation may include but is not
fimited to deprassion, anxiety, mania, rritability, and emotional ncontinence, Seizures
may include but are not limited 1o generalized tonic-clonic seizures, complex partial
seizures, and non-epileptic, psychogenic seizures. Impaired nervous system siructure
or function may include but is ool limited to hydrocephalus, Parkinsonism, sleep
disorders, psychosis, impairment of balance and coordination. This may include rmolor
impairments such as monoparesis, hemiparesis, telraparesis, ataxia, balismus and
tremor. This also may include sensory loss of dysiunciion including olfactory, tactils,
gustatory, visual and audilory sensation. Furthermore, this may indlude autonoimic
nervous systerm impairmeanis such as bowel and biadder dysfunction, sexua!
dysfunction, blood pressure and termperature dysregulation. Finally, this may include
hormanal impairments attributable to dysfunction of the hypothalamus ang piluitary
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gland such as deficiencies and dysregulation of growth hormone, thyroid stimulating
hermone, lutenizing hormone, follicle stimulating hormone, gonadotropin releasing
hormene, prolactin,g and numerous othar hotmones and modulators. Increased risk of
development of Alzheimer's disease includes that risk that is elevated overthe sxpecied
risk given the sublects age, family history, genetic status and other known risk factors.

(0025 Ap peplides are those derived from 2 region in the carboxy terminus of 3
larger protein called amyloid precursor protein (APP). The gene encoding APP is
located on chromosome 21, There are many forms of AR that may have toxic effects:
AlF peplides are typically 38-43 amino acid sequences long, though they can have
truncations arwd modifications changing their oversall size. They can be found in soluble
and insoluble compartments, in monomeric, oligomeric and aggregated forms,
intracellularly or extracellularly, and may be complexed with other proteins or molecules.
The adverse or loxic effects of AR may be attributable to any orall of the above noted
forms, as well as to others not described specifically.

00261  In one embadiment, the invention provides a method for decreasing the
amyloid plague load in the brain of a subject. The method comprises administaring a
therapeuiically effactive amount of an antibody that specifically binds to Apok to the
subject. suitable antibotlies include those disclosed herein. In an-exemplary
embodiment, a suitable Ab comprises an antibody delineated in Table A below, A
method of the invention may decrease the amyiold plague foad in the hippocampus of a
subject. A method of the invention may aiso decrease the amyloid plague load in the
brain cortex of & subject. In each of the above embodiments, the amyloid plague load
may be decreased by atleast 1,2, 3, 4,5,8,7,8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18,
18, or 20% compared o untreated or negative control treated subjects. In some
embodiments, the amyloid plague load may be decreased by at lsast 20, 25, 30, 35, 40,
45, 50, 55, 60, 65, 70, 75, 80, 85, 80, or 85% compared to untreated or negative control
treated subjects. In other embodiments, the amyloid plague load may be decreased by
at lsast 100,125, 150, 200, 250, 300, 350, 400, or 450% comparad to untreated or
negative control treated subjects. Methods of measuring amyioid plague load are known
in the art,
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100277 Anti-ABpok antibodies useful herein include all antibodies that
therapeutically atienuate the adverse or texic effects of A Uselul antibodies include
but are not limited to those that spsecifically bind to an epitope within the Apok coding
sequence. Anti-Apch antibodies useful herein include glse antibodies that attenuate the
adverse or toxic effects of AR and bind 1o specific regions of Apok and to other forms of
Apok. Specific regions of Aok include, but are not limiled to, the C-erminal, the N-
terminal, and other central domains. Other forms of Apok include but are not limited to
truncated, modified, soluble, inscluble, Intraceliular, extraceliular, monomeric Apok,
oligomeric ApoE, fibrillar, aggregated Apok or ApoE complexed with other proteins or
mniecuies,

6028 In an aspect, antibodies useful herain include those antibedies which have
been isolated, characterized, purified, are functional and have been recoverad
{obtained) for use in a functional therapeutic composition which is administeres o a
fiving sublect having AR plague associated sympioms.

[B029)  "Monoclonal aﬁ'téiﬁady“ refers to an antibody that is derived from 2 single
copy o clone, ncluding e.g., any eukarvolic, prokaryotic, or phage clone, "Monogiong!
antibody” is niet limitad fo antibodies produced through hybridome technology.
Morigcional antibodias can be produced using e.g., hybridoms techniques well knowr in
the art, as well as recombinant lechnologies, phage display technologies, synthetic
iechmologies or combinations of such technologies and other technologies readily
known in the art. Furthermore, the monogional antibody may be labsled with &
detectable label, immobilized on 2 solid phase and/or conjugated with a heterglogous
compound {e.g., an enzyme ortoxin} according to methods known in the art,

[6030]  Further by "antibody” is meant a funclional moriaclonal antibody, or an
immuniologically effective fragment thereof, such as an Fab, Fab’, or F{ab"jZ fragment
thereof. In some contexts hereln, fragrenis will be mentioned speciiically for emphasis;
nevertheless, it will be undersiood that regardless of whether fragments are specified,
the term "antibody" includes such fragments as well as single-chain forms. As long as
the protein relains the ability specifically to bind iis intended target, it is included within
the term "antibody.” Also included within the definition "antibody™ for example are single
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chain forms, generally designated Fv, regions, of antibodies with this specificity.
Freferably, but not necessarily, the antibodies useful inthe discovery are produced
recombinantly, as manipulation of the typically murine or other non-human antibodies
with the appropriate specificity s required in order to convert them o humanized form.
Antibodies may or may not be glveosylated, though glycosylated antibodies are
preferred. Antibodies are properly cross-linked via disulfide bonds, as is known.

0031 The basic antibody structural unit of an antibody useful herein comprises a
tetramer. Each etramer is composead of two identical pairs of polypeptide chaing, each
pair having one Might' (about 25 kDa) and one "heavy” chain (gbout 50-70 kDa}l. Thse
amino-terminal portion of each chain includes s variable region of about 1080 110 or
more amino acid sequences primarlly responsible Tor antigen recognition. The carboxy-
terminal portion of each chain defines a constant region primarily responsible for
effector function.

(0032 Anti-ApoE antibodies useful herein include those which are isolated,
characterized, purified, functiongl and have been recovered (oblained) from a process
for their preparation and thus available for use herein in a useful form in &
therapeutically and medicinally sufficient amount.

[0033]  Light chains are classiffed as gammsa, mu, alpha, and lambda. Heavy
chaing are classified as gamma, mu, alpha, delis, orepsilon, and define the antibody's
isotype as Igo, igh, igA, lgD and IgE, respectively. Within light and heavy chains, the
variable and congtant regions are joined by a "J" region of about 12 or more amino acid
sequences, with the heavy chain also including & "D region of about 10 more aming
acid seguences.

[034}  The variable regions of each light/heavy chain pair form the antibogy
binding site. Thus, en iftact antibody has two binding sites. The chains exhibit the
same general structure of relatively conserved framework regions (FR) joined by three
hypervariable regions, also calted complementarily delermining regions (hereinafter
referred to as "CORS.") The CDRs from the two chaing are aligned by the framework
regions, enabling binding to a specific eplicpe. From N-termingl o C-terminal, both light
and heavy chains comprise the domains FR1, COR1, FR2, CDR2, FR3, CDR3 and FR4

&
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respectively. The assighment of aming acid segquances 1o each domain s in

- accordance with known conventions (See, Kabat "Seguences of Froteins of
Immunological interest” National institutes of Heslth, Bethesda, Md., 1987 and 1991;
Chothia, el al, J. Mol. Bio. (1987) 198:801-917; Chothia, et al,, Nature {1988) 342:878-
883}

[0035! in an aspect, monoclonal anti-apsE antibodiss are generated with
appropriate speciiicity by standard technigues of immunization of mammais, forming
hybridomas from the antibody-producing cells of said marmmals or otherwise
immortalizing them, and culturing the nvbridomas or immortalized cells o assess them
for the appropriate specificity. I the present case, such antibodies could be generated
by Imrmumizing & human, rabbit, rat or mouse, for example, with & pentide representing
an epitope encompassing 2 region of the Apok protein coding sequence or an
appropriate subregion thereof, Materials for recombinant manipulation can b@ obtained
by retrieving the nuclectide sequences encoding the desired antibody from the
hybridoma or other cell that produpes it These nuclectide sequences can then be
manipulated and isolated, characterized, purified and, recoverad to provide tham in
humanizad form, for use herein if desired.

0036]  As used herein "humanized antibody” includes an antl-ApoE antibody that
& composed partially or fully of amine add seguence sequences derived from a human
antivody germiine by altering the sequence of an antibody having non-human
compiementarily getermining regions ("COR"). The simplest such alteration may
consist simply of substituting the constant region of & human antibody for the murine
constant region, thus resulting in @ human/murine chimera which may have sufficiently
low immunogenicity to be scceptable for pharmaceutical use. Praferably, however, the
variable region ofthe antibody and even the CDR is also humanized by fechnigues that
are by now well known in the arl. The framework regions of the variable regions are
substituted by the coresponding human framework regions leaving the non-human
CDR substantially intacl, or even replacing the CDR with sequences derived from a
hurman genome. CORs may aiso be rendomly mutaied such that binding activity and

affinity for Apok is maintained or enhanced in the context of fully human germiing
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framework regions or ramework regions that are substantially human. Substantially
hwiman frameworks have at [sast 80%, 85%, or 99% sequence identity with a known
human framework sequence. Fully useful human antibodies are produced in genetically
modified mice whose immune systems have been altered 1o correspond 1 human
immune systems. As mentioned above, it is sufficient for use in the methods of this
discovery, to empioy an immunologically specific fragment of the antibody, including
fragrments repressenting single chain forms.

(G057 Further, as used herein the term "humanized antibody” refers to an ant-
Apok entibody comprising & human framework, at least one CDR from & nonhuman
antibody, and in which any constant region present is substantislly identical to 2 human
immunogiobulin constant region, Le., at least about 85-80%, preferably at least 95%
identical. Hence, all parts of a humanized antibody, except possibly the CDRs, are
substantially identical to corresponding pairs of one or more native human
mmunoglobulin sequences.

[0038] I desired, the design of humanized immunoglobulins may be carried out
as follows. When an amino acid seguence falls under the following category, the
framework amine acid sequence of @ human immunoglobulin o bs used (accepior
immiunaglebuling is replaced by a framework aming acid sequence from a CDR-
providing nenhuman immunegtobulinn {donor immunoglobuling: (a) the amine acid
sequance in the human framework region of the acceptor immunoglobulin is unusual for
human immunoglobulin at that pesition, whereas the corresponding amino acid
sequence in the donor immunogisbutin is typical for human immunoglobulin at that
position; (b) the position of the amino acid sequence is immediately adjacent to one of
the CDRs; or () any Side chsin atom of a framework amino acid sequence is within
about 5-8 angstroms {centerto-center) of any ator of 2 COR amino acid sequence in a
three dimensional immunoglobulin mods! {Queen, et.al., op. oit., and ©o, ot al, Prog,
Natl, Acad. Sei. USA (1991) 88:2869). When each of the amino acid sequences in the
hurman framework region of the acceptor immunoglobulin and a corresponding aming
acid sequence i the donor immunoglobulin is unusual for human immunoglobulin at
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that position, such an amino acid sequence s replaced by an amino acid ssquence
typical for human immunoglobulin at that position.

(00397 In all ingtances, an antibody of the invention specifically binds Apok. In
exemplary embodiments, an anfibody ¢f the Invention specifically binds human Apok.
The phrase "specifically binds” herein megans antibodiss bind to the protein with 2
binding constant in the range of at least 107- 10° M, with & preferred range being 107
- 107" M . The sequence of ApoE from & variety of species is known in the arf, and
rmethods of determining whether an antibody binds to ApeE are known in the arl. For
instance, ses the Examples. An antibody of the invention may recognize ApoEZ,
ApoE3, Apek4, or an alielic variant theredl. In one embodiment, an antibody of the
invention may recognize human Apck4,

(00400 A preferred antibody is & humanized form of mouse antibody derived from
a hybridoma designated HJB. 1 (ATCT Patent Deposit Designation FT-11805), HJ6.2
(ATCO Patent Deposit Designation PT-11808), HJ8.3 (ATCC Patent Deposit
Designation PT-11807), or HJ6.4 (ATCC Patent Deposit Designation PT-11808), As
uged herein, the term “derived from” means that the “derived” antibody comprises at
least one CDR region from the antibody produced by HJIB6.1, HJ6.2, HJE.3, or Hig 4.
Stated anather way, the “derived antibody” comprises at least one CIOR region
comprissed of the aming acid sequence selectad from the group consisting of SEG D
MO AT, 18,19, 20, 21, 22, 28, 24, 25, 26, 27, 28, 28, 30, 31,32, 33, 34, 35, 38, 37, 38,
and 38.

[MBG41:  In one embodiment, an antibody of the invention may be derived from the
hybridoma HJ6.1, and may be encoded by a nucleic acid sequence comprising 90, 91,
92, 93, 94, 95, 96, 97, 98, or 98% identity to the light chain variable region of BEQ 1D
NGt or may be encoded by & nucleic acid sequence comprising 90, 91, 82, 93, 84, 95,
a6, 97, 98, or 99% identity to the heavy chain variable region of SEQ IDNO2Z. In
another embodiment, an antibody of the invention may be derived from the hybridoma
HJ6.1, and may comprise an amino acid seguence with 80, 91, 82, 93, 84, 95, 88, 97,
98, or 89% identity to the light chain variabie region of SEQ 1D NO:3, or may comprise
an aming acid sequence with 80, 91, 92, 93, 94, 95, 96, §7, 98, or 9% dentity to the
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heavy chain varigbie region of SEG ID NO4. in sach of the above embaodiments, the
antibody may be humanized.

[0042]  In yet another embodiment, an antibody of the invention may be derived
frotn the hybridoma HJE.2, and may be encoded by 2 nucleic acid seguence cotrprising
80, 91, 82, 93, 94, 95, 96, 97, 98, or 99% identity to the light chain variable region of
SEG ID NOS, or may be encoded by & nucleic acid seyuence comprising 80, 81, 82,
8%, 04, 85, 96, 87, B8, or 99% identity to the heavy chain variable region of SEQ 1D
N6, In another embodiment, an antibody of the invention may be derived from the
hybridoms HJ8 .2, and may comprise an amino acid sequence with 80, &1, 92, 63, 84
95, 96, 87, 98, or 98% identity to the light chain variable region of SEQ 1D NOT, or may
comprise an amino acid sequence with 80, 91, 92, 83, 94, 95, 98, 97, 98, or B9%
ideniity to the heavy chain variable region of SEQ 1D NO@. In sach of the above
embodiments, the antibody may be humanized.

[0043]  In an additional embodirnent, an antibody of the invention may be derived
fror the hybridema HJ6.3, and may be encoded by a nucleis acid seguence cornprising
80, 91, 92, 93, 84, 95, 96, 97, 98, or B9% identity to the light chain variable region of
SECH D NO:9, or may be encoded by a nucleic acid sequence comprising 90, 81, 92,
93, 94, 95, 96, 87, 98, or 99% identity to the heavy chain variable region of 8EQ 1D
NGO, In another embodiment, an antibody of the invention may be derived from the
hybridoma HJ6.3, and may comprise an amino acid sequence with 80, 91, 82, 93, 84,
85, 96, 97, 98, or 99% identity to the light chain variable region of SEQ ID NG, or
comprise an aming acid sequence with 80, 91, 92, 93, 94, 85, 98, 97, 98, or 9%
identity to the heavy chain variable region of SEQ 1D NO 2. In each of ine above
embodiments, the antibody may be nurmanized.

[0044]  In still another embodiment, an antibody of the invention may be derived
from the hybridoma MJ8.4, and may have a nucleic acid seguence with 80, 91, 92, 93,
94, 85, 96, 97, 88, or 98% identity to the light chain variable region of SEQ 1D NO:13,
end a nucleic acid sequence with 80, 91, 92, 93, 84, 85, 48, 97, 98, or 89% identity io
the heavy chain variable region of SEQ ID NO14. in ancther embodiment, an antibody
of the invention may be derived from the hybridoma HJB .4, and may have an amino
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acld sequence with 80, 91, 82, B3, 94, 95, 96,97, 98, or 8% identity to the light chain
variable region of BEG 1D NG E, or an amine acid seguance with 80, 91, 82, 63, 94,
95, 86, 97, 98, or 92% identity 1o the heavy chain variable region of 8EQ 1D NOE. In
each of the above embodiments, the antibody may be humanizad.

(0048 i an exemplary embodiment of an aritibody of the invention that binds to
anti-apok, the antibody comprises the light chain nucleic acid sequence of SEQ 1D
N1 and the heavy chain nucleic acid sequence of SEQ 1D NG:2 [i.e. the monocional
antibody referred to herein as HJ6.11. In another exemplary embodiment of an antibody
of the invention that binds 1o anti-epok:, the antibody comprises the light chain amino
acid seguence of SECQ 1D NO:3 and the heavy chain amino acitd sequence of SEG 1D
NO4 e, the monocional antibody referrad o herein as HJE.1). In vel another
exemplary embodiment of an antibody of the invention that binds to ant-apok, the
antibody comprises the light chain nuclelc acid sequence of SEQ 1D NO:5 and the
heavy chain nucleic acid seguence of SEQ 1D NOB [Le. the monocional antibody
referred to herein as HJB.2]. In still another exemplary embodiment of an antibody of
the inventionthat binds o anti-apok, the antibody comprigas the jight chain amino acid
sequence of SEG 1D NO7 and the heavy chain aming acid sequence of SEQ 1D NC:E
fi.e. the monocional antibody referred to herein as HJB.2.

[0046] In gertain embodiments, an antibody of the invention is encoded by the
light chein nucleic acid sequence of SEQ D NO:8 and the heavy chain nucleic acid
sequence of SEQ 1D NOH10 fLe. the monocional antibody referred to herein as HJB.31.
I other embodiments, an antibody of the invention is ericoded by the light chain amino
acid seguence of SEQ 1D NO:11 and the heavy chaln amino acid seguence of 8EQ 1D
NOA 2 [Le. the monoclonal anticody referred o herein as FJ6.31. In another
embodiment, an antibody of the invention is encoded by the light chain nucleic acid
sequance of SEQ D NO13 and the heavy chain nucieic acld sequence of SEQ 1D
NO:14 {e. the monoclonal antipody referred to herein as HJE 4], In yet another
embodiment, an antibody of the invention 18 encoded by the light chain amino acid
seqguence of SEQ 1D NOM5 and the heavy chain aming acid sequence of S3EQ 1D
NGHE [ile. the monoclonal antibody referred 1o hersein as HJG.4].
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[G047]  Inone embodiment, an antibogy of the invention may comprise a light
chain CDR1, such as the antiboadies 1, 48, 87, and 145 of Table A. In another
embodiment, an antibody-of the invention may comprise a light chain COR2, such gs
the antibodies 4, 52, 100, and 148 of Table A, In yel andther embodiment, an antibody
of the invention may comprise a light chain CDR3, such as the antibodies 6, 54, 102,
and 180 of Table A. In an alternative embodiment, an antibody of the invertion may
comprise a combination of two or thres light cham CDRs, such as the antibodies 2, 3, 5,
50,51, 53, 88, 99, 101, 148, 147, arul 148 of Table A

[ao48] Simlarty, in one embediment, an antibody of the invention may comprise a
heavy chain COR1, such as the antibodies 7, 85, 103, and 1581 of Table A In another
-embaodiment, an antibody of the Invention may comprise a heawy chain CDRZ, such as
the antibodiss 10, 58, 106, and 154 of Table A, In yvet another embodiment, an antibody
of the invention may comprise & heavy chain CORS, such as the antibodies 12, 80, 108,
and 156 of Table A. In an alterative embodiment, an antibody of the invention may
comprise a-combination of two or three heavy chain CDRs, such as the antibodies §, 8,
11, 56, 57, 59, 104, 108, 107, 182, 153, and 155 of Table A,

00491 Alternatively, an antibody of the mvention may comprise one or more light
chaln CORs and one or more heavy chain CEORs, such ag the antibodias 15-48, 61-98,
109-144, and 157192 of Table A.

TABLE A
- Buiti Light Chain Heavy Chain
Body CORY CORZ CDR3 CDRA CORZ CDRE
1 SEQ 1D NOTY '
2 SEQIDNOMT | BEQIDNOUE |
3 SEQID NOT | SEQIDNO1E | L8P
4 - | SEQ ID'NGTE |
&  SEQIDNOME L8P
& P
7 ' SEGID NG
8 CBEGHID NCHE | SEQ ID NO2O
9 CSEQIDNDIS | SEQID NO:20 | SEQ ID-NOZA
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10 SEQ 1D NO:20
11 SEQ IDNO20 | SEQ 1D NO21
1z | 820 1D NO
13 | BEO D NODUT | SEQ D NOY
14| SEQ I KDY SEQID NG9 | SEQ D NO2D
15 BEQID NOAT BEQIDNOIS | SEQIDNOZ0 | SEGID NG
W6 | SEQIDHOIT SEQ 1D NO20
17 | SEQIDNOAT SEQ HINOIZO | SEG ID NO:21
e | SEQIDNGHT SEQID NO2Y |
19| SEQIDNOHT | SEQID NOMS SEQ 1D NOIS |
20 SEQIDNOMT | SEQIDNGAS SEQIDNGHS | SEQID NG:20
21 SEQIDNOITT | SEQIDNO:B SEGHDNGAS | SEQID NGIZD | SEO 1D NE:ZT
22 SEQIDNOM7 | SEQIDNC18 SEQ D NC:20 |
25 | SEQIDNOAT | SEO I NO:TB SEQ 1) NO:20 | SEQ 1D NO21
24 | SEGIDNOATY | SEQ Y NG18 ' SEQ 1D NO:ZT
25 | SEQIDNOMT7 | SEQIDNOME L8P SEQ D NG9
26 | SEQIDNOGM7 | SEQIDNOIS  LSP SEQIDNOME | SEQID NO20
27 SEQIDNQA7 | SEQIDNDE L8P SEQID NGO | SECIDNOZU | SEQ 1D NO2T
26 | SEQIDNOMT | SEQIDNOME L8P SEQ 1D NC:20
29 SEQIDNGT | SEQIDNOME  LSP SECHD NG:20 | SEQ 1D NG:21
30 SEQIDNOAT | SEQIDNODAE | L8P : SED IDNORT |
31 SEQ 1D NC:18 | SEQID NOTE
3z SEQ il NO:18  SEQIDNDNME | SEQ 1D NOZ0
33 SEQ 1D NOE SEQID NGO | SEQID NO:20 | SEQHD NGZA
34 SEQ 1D NG18 SEQ 1D N0:20
B SEO 1D NCE18 SEQIDNO:20 | SEO D NO2T
% SEC 1D NOIE BEQHD NODY
37 SEQIDNGMS | LEP | SEQIDNDIMS |
38 SEQ D NGB | LSP SEQIDNOMS | SEQ IDNO:20
39 SEQIINOTE | LSP SEQID NOMS | SEO 1D NO@0 | SEQ 1D NG
an SEQID NCH1E | LSP : SEQ 1D NOZ0
4 BEQID NOJE LS SEQ IDNG20 | SEQ 1D NO2T
42 TSEQIDNGTE | LSP < SEQ 1D NO21
43 L&P | SEQ 1D NGO
44 LSP CSEQID NG | SEQ D NORO
45 Lap SEQIDNOS | SEQ IDNO:2C | SEQ D KOt
46 LEP | SEQHID NO2D

EIRES KN
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L LEp

SEQID NOE

QEG D NOZ |

L LEe

BECH I NOE2T

SEQID NDIZZ

BEG D NOZ2

SEC Y NO2S

SR D MOPE

BEQHT NG24

SR D NG

| SEQ 1D Ne2E

BEL I MR

CSEQID NODE

. BEQIDNO2E |

D BEG I NDITE

| BEGID NG5

SECHTEINOEZE

BEG I NORES

| SEGD MY

| SEQ D NO2S

- BRI NGRE

BECHID MOZE

BECK 1 MOy

ey

L mEoime o2

SEQID NODE

SEC I NEY

B Ty NO22

. SEQ 1D NOES -

| BEQ D NG:2E

SEGHWY NGER

| BEQIDNO2S

| SEQ 1D NO26

EECY D NCR2T

| SEQID NO22

SEQIDNGDEE |

SEQ 15 N2

SECHD NOE

I SEGIDNOZT |

BEQ 3 N0

- BEQHID NO2Y

SEQ K NO22

SECHDNCIZE

| BECID HOZS

SEG B WNOE

SEG 1D NOm2

| SEQID MORE

| SEQ D NO2E

5y

SEGHE NG

SECEIE NG

| BEG D NOWS

- SEQ IDYNGIZE

BEG D ROET

BEG 1D NORRE

SEL Fy NOERE

Sj?;{} i NOQ@

Sl D NEEE

SEQ D NGEE

SECHT RS

| SEQD-NDEY

SEQ D NOE2

D BRI NOZE

| SEG D MO2T |

| sEG 1D NOZ2

SEQIDNO23

SEGID NS

- BEGID NGRS

| SEQIDNGEZ2

SEC MO

S NOu2a

 SEQIDNOD5

SEG I NOED

BB D NODE

1_ BECE I N023

 SEQUDNOD4

SEG 1D NO:25

| SEQ IDNOIZ6

SR NO2T

BECG D RO

L REC YN

. BEDD NGI24

| SECIDNG2S

SRR N@m .

- BRGNS

| SEG D NOi24

SEQ If¥ HORE

SEC 107

7B

SEQID NCET

SEQ 1D MO8

CBEQIDNOZL

SECH DNGRT

| BEQ D NO2B

 SEQID NOI2S

| SED D NGRS

| HEGIDTROSS

BRI Noe2e

SEGHY NO23

L BEQ I NODS

BEQ 1 MO26

SEQID MERDT |

SER D NGEE

S D Weh

SEQID N@:Qﬁ-_

SEQ T Noizy
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SEQ 1D NOZ2

FLi415.0

84 | SEG IDNO2T
&5 SEQID NOWS | SEQIDNO24 | SEQ D NG2E |
8 SEQIDNG2E | SEQIDNOZ4  SEQIDNORS | SEQIDNO2E
&7 SEQIDNOZS | SEQIDNOZA SEQIDNOD2S | SEQINGISE | SEQIDNO2T7
88 SEQIDNOES | SECHD NOR4 | SEQ 1D NO:26
89 SEQIINGZE SEQID NO24 BEGQID NQ:26 | SEG ID NO2T
90 SEGIDNO2S | SEGHD NO2d SEQ 1 NOET
o1 SEC D NOD24  SEQIDNO:25 |
g2 SEQID NO@24 | SEQID NOZS | SEQID NG:26
93 SEGHD NOZ4 - BEGIDNOES | SEGID NG26 | SEQ 1D NO:27
o4 CsEQIDNOZE SEQ 1D NOZE |
95 SEQH D MO SECHD MO:ZB | SEQ D NOLZT |
95 | BEQIDNOZ4 SEQ 1 NO2T
97 | SEQID MO8
98 SEQIDNG28 | SEQID NO29
99 SECIDNO2S | SEQIDNGZ0 SEQIDNGED |
100 SEQ D NO:2e
101 SEQIDMORY | BEQID NOWSO
e | | BECQLID NO3D
105 SEQ 1D KO3
104 SEQIDNOSET | BEQ D NOBZ |
105 SEQIDNGET | SEQ IDNGSEZ | SEQ 6 NOEI
106 BED D Nowsz
107 SEQIDNOE2 | SEQ 1D NGI3
108 SEQ D NO:33
08 BEQID NOE | SEG D NOS
TI0 [SEQID NO28 CBEOHD NCGE1 | OSEG D NO3E
Ct11 | SEGHD NOSS SEQ IDNOET | SEQIDNGEZ | SEQ 1D NOIS
1% | SEQID NODE SEQ 1D NO:37
113 | SEQID NO2E SEQID NGSZ | SED D KO3
14| SEQIDNOZE SEQ 1D NO8S |
15 | SEQIDNOEE | SEO D NO:2O SEQ [ NO:31
116 | SEQID NGRS | SEQ I NO:2Y SEQIDNO31 | SEQIDNOSZ | |
17 | BEQIDNO2S | SEQID NOG BEGIDND:2T | SEQID NG:E2 | SEQ 1D NOE3
18 | SEQIDNO2B | SEQID NO2Y ' SEQ D NOS2 |
-
119 | SEQHD NO2S | SEQID NOW2O SEQIDNOEZ | SEQ 1D NI
120 | SEQIDNOI28 | SEQIDNGES SEG D NE:33
17
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gl SEGLHY NO:?@?

SEQ D NO2Z8

| BEQ D NOB0

SEG DY NS

BEQ D NC3E

122 | SEQIDNOZS | SEQIDNG2Y | SEQID NOSED | SEQID No:s _
125 | SEQIDNOZE | SEGIDNODS | SEGID MO0 SEQIDNOST | SEQ D NOG2 | SEQID NORS
124 | SEQIDNOWE | BEQIDNGR2Y9  SEQIDNOSO | SEG D NCH32
125 SEQMDNO®ZB | SEQIDNOZS | SEGID NOEO | SEQID NOB2 | SBEQID NOS3
126 | SEQIDNORE | SEQIDNGR8  SEQIDNOST SEG D NOE3E
127 BEQIDNC2E . BEGHD NG
128 SEQ D NO:2S SEQIDNCE! | SEQ 1D NO32
129 SEQ 1 NO:26 SEGIDNO31 | SEQIDNG:32 | SEQ D NGI33
130 SEQ 1D NO2S | SECH D HO3E |
181 SEQ D NO:2S SEQ IDNOZ2 | SEQ D NOAS
182 | SEQDNDED SECHID NO23
153 SEGIDNOZY | SEQID NOSO | SECID NS
184 SEQIDNODRY | SEQID NOE0 | SEQIDNGST | SEQIDNDSZ

435 SEQID NO26 | SEQID MOS0 | SEQIDNOSDY | SEQ IDNOSL | SEOID NGE3
T35 SEGQIDNG2S | SEQIDNO:E0 | | SEGHINOER
197 P SEQIDNO28 | SEQID NOS SEQIDNOBZ | SEQ ID NO:33
438 SEQIDNOZO | BEQ D NOS6 - SEQ 1D NG:33
139 SEQ D NGB0 | SEG D NS
140 SEQID N30 | SEQIDNOIST | SEQID NOISP
14 SEQIDNOS0 | SEGID MO | SEQIDNOS2 | SEQIDNOES |
142 | BEG 1D NOIS0 SEG 1Y K032 '
143 SEG 1D NOE0 SEC IDNOBZ | SEG 1D NOMsa
144 | SEQID NORS0 | SEG 10°NC33

148 BEQ D NO34

AT BEQID N34

BEGHID NOEE

ME | BEGID NG

SEQ D NOSE

SEQ D NOIZE

SEQ 1D NT:SS

IR0

149 SEQIDNOSS | SEQID NO3E
150 ' SEQ D NO36
151 SEQ 1D NOL37
152 SEDIDNOST | SEQID NO3E
183  SEQIDNOS7 | SEQIDNOGIS | SEQ D NOSBY |
154 SEQ 1D NO:3S
155 SEQ D NOSS | SED D NO:S0
156 ‘ SEG B NO2S
57 SECID NO34 | SEQID NOWST
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{0050]  In various embodiments, an antibody of the invention is humanized. For
instance, in one embodimeant, a humanized antibody of the invention may conprise a
light chain variable region comprising & CDR1 of amino acld sequence S8EQ 1D RO 17
with zero {o two amine acid substindions, a CDR2 of amino acid sequence SEQ 1D NO:
18 with zero to two amino acld substitutions, and a CDR3 of amino acid sequence L5P,
of may comprise a heavy chain variable ragion comprising a COR1 of amino acid
seguence SEQ D NG 19 with zero {o twe aming acid substitutions, a CDRE2 of amino
acid sequence SEQ 1D NO: 20 with zero to two aming acid substitutions, and a CDRS of
amino acid sequence SEQ 1D NO: 21 with zero fo two sming agid substifulions, Ina
preferred embodiment, 2 humanized antibody of the invention may comprise a light
chain varizble region comprising & COR1 of amino acid ssquence SEQ 1D NO: 17 with
zero to two amine acid substitutions, & CDR2 of amino acid sequence SEQ 1D NG 18
with zere o two amine acid substitutions, 2 CDR3 of amine acld sequence LBP, 5
heawy chain variable region comprising 2 COR1 of aming acid seguence SEQ 1D NO:
19 with zero totwo amine acid substitutions, & CDRZ of amino acid sequence SEQ ID
NO: 20 with zero to two amino acid substitutions, and & CDR3 of amine acid SeqUEnce
SEQ D NC: 21 with zero fo two aming acid substitutions. In an exemplary
emboaiment, a humanized antibody of the invention may comprise a light chain variable
region comprising & COR1 of emino acid sequence SEQH D NG 17, a CDR2 of aming
aeid aaqumae SEQ ID NO: 18, 8 CDRS of aming acid sequence L8P, & hieavy chain
variagble region comprising a COR1 of amino acid sequence SECQ 1D NG 19, a COR2 of
amino acid sequence SEQ 1D NO: 20, ard & CDR% of arine acid seguence SEQ D
NO: 21, The invention also encompasses the corresponding nucleic acid segquences of
SEQ D NOMT 18,18, 20, and 21, which can readily be determined by one of skill in
the art, and may be incorporated into a vector or other farge DNA molscule, such as a
chromosome, i order to express an antibody of the invention.

0081 In another embodiment, & humanized antibody of the invention may
comprise a light chair variable region comprising 2 CDR1 of amino acid seguence SEQ
D NO: 22 with zero 1o two amino acid substitulions, a CDRZ of amino acid sequence

20
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SEQ 1D NO: 23 with zero totwo aming acid subsiltutions, and & CDR3 of amino acid
sequence SEQ 1D NO: 24 with zere 1o two aming acid substitutions, or may comprise a
heavy chain variable region comprising a CDRT of amino acid seguence SEQ 1D NO:
25 with zero o two amino acid substitutions, a COR2 of amino acid seguence SEQ D
MO 26 with zero 1o two amino acid substitutions, and a COR3 of amine acid sequence
SEG 1D NO: 27 with zerc o two aming acid substitutions. In a preferred embodiment, &
hurmanized antibody of the invention may comprise a light chain variable region
comprising & CDR1 of amino aoid sequence SEQ 1D NO: 22 with zero to twoe amino acid
substitutions, 2 CDR2 of aming adid sequence SEQ [ NO: 23 with zero to two amine
acid substitutions, a CDR3 of amino acid seguence BEGHD NOD: 24 with zero o two
aming acid substiiutions, and & heavy chain variable region comprising & COR1 of
amino acid sequence SEQ 1D NO: 25 with zero 1o two amine acld substitutions, a CDRZ
of aming acid seouence SEQ 1D NO- 28 with zers to two amine acid substitutions, and &
CDRS of amine acid seguence SEQ 1D NO: 27 with zero {o two amino acid
subsiitutions. In an exsmplary embodiment, & humanized antibody of the invention may
comprise a light chain variable region comprising & COR1 of amino acid seguence SEQ
1D NO: 22, 2 CDR2 of aming acid seqguence SEQ D NO: 23, 5 CDR3 of aming acid
seguance SEQ 1D NQ: 24, 2 heavy chain variable region comprising a COR1 of amine
acid seguence SEQ 1D NO: 25, o CORZ of amine acid seguence SEQ 1D NQO: 28, and &
CDR3 of amino acid sequence SEQ 1D NO: 27, The invention also encompasses the
corresponding nuclelc acid sequences of SEQ 1D NO22, 23, 24, 25, 28 ang 27, which
can readily be determined by one of skill in the art, and may be incorporated info a
vecior or otherlarge DNA molecule, such as a chromosoriie, in order to express an
antibody of the invention.

0052]  Instill another embodiment, 8 humanized antibody of the invention may
comprise a light chain variable region comprising a CUR1 of amino acid sequence of
SEQ 1D NO: 28 with zero o two aming acid substitutions, s CDR2 of amino aoi
seguence SEQ 1D NO: 289 with zere to two amino acid substitutions, and a2 CDR3 of
arming acid sequence SEQ 1D NO: 30 with zero to two amine acid substitutions, or may
comprise a heavy chain variable region comprising & CDR1 of amino acid seguangce
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SEQ 1D NO: 31 with zero to two amine acld substitutions, 2 CDRE of amino acid
seguence BS2G D NGO 32 with zero o twe amine acid substitutions, and 2 CDRY of
amine acid seguence SEQ 1D NO: 33 with zero fo two aming acid substitutions. Ina
preferred embodiment, a humanized antibody of the invention may comprise & light
chain variable region comprising a CDR1 of amine acid sequence of SEQ 1D NO: 28
with zero to two aming acid substitutions, & CORZ of amino acid seguence SEQ D NO;
28 with zero to two amino acid substitutions, a CDR3 of amino acid seguence SEQ 1D
NO: 30 with zero 1o two gmino acid substitutions, and & heavy chaln variable region
comprising a COR1 of amino acid seguence SEQ 1D NO: 31 with zero to two amino acid
substitutions, a CDRZ of aming acid seguence SEQ 1D NO: 32 with zero to two amino
acid substitutions, and a CDR3 of aming acid sequands SEQ 1D NO: 33 with zero to two
amine acid substitutions. In an exemplary embodiment, 8 humanized antibody of the
invention may comprise a light chain variable region comprising 8 CDORT of amino acid
sequence of SEQ 1D NO: 28, a CDRZ of amino acid sequence SEQ 1D ND: 29, a COR3
of amino acid sequence SEQ [T NO: 30, & heavy chain variable region comprising a
CDR1 of aming acld seguence SEQ D NO: 31, 2 CORZ of amino acid seqguence SEQ
D NCO: 32, and 2 CDR3 of aming acid sequence SEQ 1D NO: 23, The invention also
encompasses the gorresponding nucleic acid ssguences of SEQ 1D NOW28, 28, 30, 31,
32 and 33, which can readily be determinad by one of skill in the art, and may be
incorporated into @ vector or other large DNA molecule, such as a chromosome, in
arder to express an antibody of the invention.

0053 In vet another embodiment, a humanized antibody of the invention may
comprise a light chain variable region comprising 2 CDOR1 of aming acid segquence SEQ
1D NO: 34 with zero 1o twio aming acid substitutions, a CDRZ of amino acid sequence
SEQ [ NO: 35 with zero fo two emino acid substitutions, 2 CDR3 comprising amino
aclkd sequerice SEQ 1D NGO 36 with zere 1o two amino acid substitutions, or may
comprise & heavy chain veriable region comprising 2 CDR1 comprising amingo acid
sequence SEQ ID NO: 37 with zero to two amino acid substitutions, 2 CDR2 comprising
amino acid seguence SEQ 1D NO: 38 with zero to two aming acid substitutions, and =
CDRY comprising aming acid sequence SEQ 1D ND: 38 with zero to two amino aid
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substifutions, In a preferred embodiment, & humanized antibody of the invention may
comprise a light chain vanable region comprising a CDR1 comprising amino acid
seguence SEQ 1D NO: 34 with zero o two aming acid substitutions, a CDRZ of aming
acid sequance SEQ 1D NG 35 with zero {6 two amino acid substitutions, & CDR3
comprising aming acid sequence SEQ D NO: 36 with zero to two amino acid
substitutions, & heavy chain variable region comprising 2 CDR1 comprising aming acid
sequence SEQ 1D NO: 37 with zero to two amino acid substitutions, & CORZ comprising
amino acid seguence SEG 1D NO: 38 with zero o two aming acid substitufions, and 2
CDR3 pcomprising aming acid sequence SEQ 1D NGO 38 with zero to two amino acid
substitutions. In an exemplary embodiment, & humanized antibody of the invention may
comprise a Hght chain variable région comprising & COR1 comprising amino acid
sequance SEQ 1D NO: 34, 8 CORZ comprising amino acld seguence SEQ ID NO: 35, 2
CDR3 comprising amino acid sequence SEQ 1D NG 36, a heavy chain variable region
comprising & COR1 comprigsing amine acid sequance SEQ 1D NO: 37, 8 CORZ
comprising amine acid seqguence SEQ 1D NO: 38, and 2 CDR3 comprising amino acid
sequence SEQ D NO: 39, The invention also encompasses the correspongding nucieic
acid saquences of 8EQ 1D WNO:34, 35, 36, 37, 38 and 38, which can readily be
determined by ane of skdll in the art, and may be incorporsted into a vector or gther
iarge DNA molecule, such as a chromosome, inorder to express an antibody of the
invention.

[6054]  In an aspect, the antibodies in & pharmacologically effective amount
preferred in pharmaceutical grade, including immunologically reactive fragments, are
administered to 8 sublect such as to a living subiect to be treated for AR plague
associated sympioms. Adminisiration iz performed using standard effective technigues,
include peripharally (Le. not by administration into the ceniral nervous system} or locally
o the central nervous system. Peripheral administration includes but s not limited to
infravenous, intreperitoneal, subculaneous, pulmonary, transdermal, inframuscular,
intranasal, buccal, sublingual, or suppository administration. Loca! administration,
including directly into the central nervous system (CNS) includes but is not limited to via
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2 lumbar, infraveniricular or intreparenchymal catheter or using a surgically implanted
controlled release formulation.

30565 Pharmaceutical compositions for effective administration are deliberately
dasignad 1o be appropriate for the selected mode of administration, and
pharmaceutically acceptabls excipients such as compatible dispersinig agents, buffers,
surfactants, preservatives, solubilizing agents, isotonicity agents, stabilizing agents and
the Hike are used as appropriate. Remingtor's Pharmaceuiical Sciences, Mack
Publishing Ce., Easton Pa., 16Ed ISBN: 0-812734-04-3, |atest edition, incorporated
herein by referance in ifs entirety, provides a compendium of formulation technigues as
are generally known to practitioners. It may be particularly useful to alier the solubility
characteristics of the antibodies useful in this discovery, making them more lipophilic,
for example, by encapsulating them in liposomes or by blocking polar groups.

[0056;  Effeclive peripheral systemic delivery by infravenous ¢r intraperitoneal or
subcutaneous injection is a preferred method of administration o a living sublect.
Suitable vehicles for such injections are straightforward. In addition, however,
administration may also be effected through the mucosal membraries by means of
nasal asrosols or suppositories. Suitabie Tormulations for such modes of administration
are wel known and typically include surfactants that facilitate cross-membrane transietr.
Such surfactants are ofien derived from steroids or are calionic i*i;f}iﬁi:-é., such as N-[1-{2 3
diocteoviipropyli-N, N, N-rimsthyl ammonium chloride {(DOTWA)Y or various compounds
suich as cholesterol hemisuceinate, phosphatidyt glycerols and the fike.

[0057,  The congentration of humanized antibody in formulations to be
administerad is an effective amount and ranges from as low as about 0.1% by welght to
as much as about 15 or about 20% by weight and will be selected prirnarily based on
fluid volumes, viscosities, and so forth, In accordance with the particular mode of
administration selected if desired. A typical compasition for injection to g living sublect
could be made up to contain 1 mL sterle buffered water of phosphale buffered saiine
and about 1-1000 mg of any one of or & combination of the humanized antibody of the
present discovery, The formulation could be sterile filtered gfter making the formulation,

or otherwise made microbiologically acceptable. A typical composition for intravenous
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infusion could have volumes between 1-250 mL of fiuid, such as sierile Ringer's
sehution, and 1-100 mg per ml, or more in anti-ApoE antibody concentration.
Therapeutic agents of the discovery can be frozen or ivophitized for storage and
reconstituted in a suitable sterite carrier prior to use. Lyophiiization and reconstitution
may tead to varving degrees of antibogy activity loss (e.g. with conventional immuns
globuling, Ight antibodies tend to have greater aclivity loss than gt antibodies).
Dosages administered are effective dosagses and may have o be adjiusted to
cofnpensate. The pH of the formulations generally pharmaceutical grade guality, will be
selected to balance antibody siability (chemical and physical) and comfort 1o the subiect
whien administered. Generally, a pH between 4 and 8 is tolerated. Doses will vary from
individual to individual based on size, weight. and other physiobiclogical eheracteristics
of the individual receiving the successiul adminisiration. '
[0058]  As used herein, the term "effective amount” means an amount of a
substance such as & compound that leads o measurable and beneficial effects for the
subiact administered the substance, Le., significant efficacy. The effective amount or
dose of compound administered acoording to this discovery will be determined by the
circumstances surrounding the case, including the compound agministered, the rouie of
a{imm g‘trat o, ti’@a status of the symploms b&%ﬂg treated and s l:ar subect and .
msi:ratmﬁ situation considerations am@ﬂg ofhsr considerations. In an aspect, a |

typical dose contains from about 0.01 mg/kg to about 100 mgikg of an anti-ApoE
antibody described herein. Doses can range from about 0.08 mg/kg to about 50 mgikg,
more preferably from about 0.1 ma/ke to about 25 mg/kg. The frequency of dosing may
be daily or once, twige, three times or more per week or per month, as needed as 1o
effectively treat the symptoms.

00520 The timing of administration of the treatment relative to the dissase itself
and duration of treatment will be de‘termineﬁ by the circumstances surrounding the
case, Treatmernt could begin immediataly, such as al the site of the injury as
administered by emergency medical personnel, Treatment could begin in & hospilal or
chimic itsell, or at & later time after discharge from the hospital or after being seen in an
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outsubject clinic. Buration of traatment could range from & single dose administered on
2 one-dime basis o a lifedong course of therapeutic treatments.

100607 Although the foregoing methods appear the most convenient and most
appropriate and effective for adminisiration of proteins such as humanized antibodies,
by suitable adaptation, other effective technigques for administration, such as
intraveniricular administration, transdermal administration and oral administration may
be employved provided proper formulation is utilized herein.

G061 In addition, # may be desirable to employ controlied release formulations
using biodegradable films and matrices, or osmetic mink-pumps, or delivery systems
based on degtran beads, alginate, or collagen.

[Go62]  Typical dosage levels can be determined and oplimized using standard
cinical techriques and will be dependent on the mode of adminisiration.

[0083]  The foliowing examples are included to demonstrate preferred
embodiments of the invention. t should be appreciated by those of skill in the art that
the technigues disclosed int the examples that follow represent technigues discovered
by the inventors to funclion well in the practice of the invention. Those of skil in the art
should, however, in light of the present disclosure, appreciate that many changes can
be mads in the specific embodiments that are disclosed and still ablain 2 like or similar
reetdtwithout depaiting from the spirit and scope of the invention, therefore all matter
sel forth or shown in the accompanying examples and drawings is to be interpreted as
Hustrative and not in & imiting sense,

EXAMPLES:

0064 The following examples iliustrate various iterations of the invention.

0085 Antibodies specific Tor the Apok protein were generated using hybridoma
techinigues, as desoribed below in Examples 1 and 2. Specifically, Tour hybridomas
were generated and Apob antibovies were oblained from the hybridomas, The
hvbridomas HJ6.1, HJE6.2, HJB.3, and HJB.4 have been assigned ATCC Patent Deposit
Designations PTA-11805, PTA-11806, PTA-T1807, and PTA-11808 respectively.
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Example 10 Preparation of Hybridomas

[ooesl  Atfirst, 160 ul of the antigen peptide {ApoE, 1 mg/mi) In saling was mixed
with an egual volume of Freund's compilete adjuvant, emulsified and hoculated to the
back of a mouse (Balble, 6 weeks of age). After 2 weeks, the mouse was re-immunized
with & mixture of the 50 yl of the saline solution of antigen paplide (ApoE, 1 mg/ml) and
Freund's incomplete adjuvant, emulsified by ullrasonic treatment, and after that,
additional immunizations were carried out every week. On 40 days after immunization,
the spleen was removed, the lvmphooyies were harvestied in PRM1840 medium
{(suppiemented wilh penicillin and strepiomycing and treated with 0.17 M ammonium
chioride to rernove red blood celis. isolated lymphocytes were fused with myeloma cells
P3UT strain derived from a mouse bone marrow tumer by the polyethviene glycol
migthod (PEG4A000]} to obtain hybridoma cells. The hybridoma cells thus obtained were
suspended in HAT medium with feeder cells.and then distributed to 86-well plates and
cultured Yor 15 days.

Example 2 Screening for the Monoclonal Antibody

(0067  The culture medium supsrmatants were recovered from wells in which the
hybridoma celis oblained in Example 1 were cultured, and monocional antibodies which
react with the antigen peptide by the enzyme-linked immunosorbent assay (ELIBA)
methord were selected.

oBsT  Alfirst, 100 pi of 10 pgiml antigen peplide was added o sach wall of 96-
well plates, immaobilized to the solid phase after keeping at 4° C. overnight and blocked
with 200 ul of 10% calf serum at 37° €. overnight. Than, 100 ui of the culture medium
supermnatant of hybridoma cells was added (o each well, reacted at 37° C.for 2 hours,
and then horseradish peroxidase {HRP)-conjugated anti-mouse antibody, which was
diluted 1000 folds, was added arid reacted at 37° C. for 1 hour. The color was
developed using Tetra Melhy! Benzidine Microwell Peroxidase Subsirate (ThHB) as a
subsirate.

0069 After terminating the reaction by adding 100 ut of 4N suffuric acid,
absorbance at 450 10 540 nm was measured, and the monoclonal antibodies, which
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showed the absorbance of about 3, were selected and cloned by the limited dilution
method.

[0070]  Mouse (Balbic), injected with 0.5 ml pristine intraperitonesily 7 days and 3
ceays before, were inoculated intraperitoneally with selected monoclonal antibody-
producing hybridoma cells, and ascites was collected about 10 days later. The
collected asciies was kept at room temperature for 30 minutes, a1 4° C. overnight and
cerntrifuged at 15,000xrpm for 10 minutes, and then the supernatant was recovered.

o7l The titers of selected monocional antibodies were measured by the ELISA
method. Apok was immabilized on 2 microwell plate, monocional antibodies were
added, and aifter the reaction, color was developed using horse radish peroxidase
{(HRP-conjugated antib-mouse antibody and TME. The results indicate that selecied
monacional antibodies reacted in a concentration-dapandent mannear.

Example 3: Anti-ApoE antibodies cause reduction in plague load

[00721  PS/APP mice, which exhibit age related amyloid plague formation similar
to that abserved in Alzheimer's Disesase subjects, are used as a mouse moadel for
Alzheimer's Disgase. PBIAPP mice were treated intraperitoneally once weaekly with 10
mg/kg with either an anti-AR antibody (HJ3.4) or ons of two entl-ApoE antibodias (HJ8.2
or MJ8.3). Another group was treated with PBS as a control. Treatment wasg from 3-7
months of age. There was a strong effect of the anti-ApoE antibodiss associated with a
decrease in Al plague lvad as demonstrated in both the hippocampus (FIG. 1) and
cortex (FIG. 2}

Example 4: Binding of Anfi-ApoE antibodies to human apoE,

00737 An ELIBA sandwich assay was used to measure binding of anti-apok
HJE.1, HJB.2, HJB.3, and MJB.4 antibodies to human apoE, Monoclonal antibody
WUE4 which binds to human apoE was first coated on an ELISA plate. Then differing
concentrations of human apob4d were applied. Biotinyiated anti-apoE antibodies MJ6.1,
HJB.2, HJB.3, and HJ6.4 were applied last and the optical density (OD) was read from 2
plate reader (FIG. 3L
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[0074]  These results show that enti~-apok antibodies HJG. 1, HJE.2 and HJIB.3
bind 1o human apok in an ELISA format with decreasing potency. However, anti-apoE
antibody HJ6 4 does not bind t© human apok in this assay.

Exampie 5. Anti-apokb antibodies bind {o human apol in plasma but do not affect
plasma cholesterol

(G075 For these experiments, human ApoE4 knockin mice ware used o
measure plasma apob/antibody complexes. ApoE4d knockin mice received 500
micrograms of bictinylated HJ6 mAbs intfaperitongally. Twenly fours later, the plasma
was diluted {1:1000) and loaded toan ELISA plate coated with & pg/ml WUE4, which
" binds to human apcE. The ApoElantibady complex was detected by a 15000 dilution
HRPA0, The optical density (O0) was read on a plate reader (FIG. 44), These resulis
show that HJB8.1, HJ6.2 and HJB.3 antibodies bind to human apok in plasma, whereas
Hd6 4 did net bind to human apoE in plasma. No signal was obtained when this
experiment was performed n apok-/- mice.

(00787 Total plasme cholestero! was alsoc measured in the same apobd+/+ mice
that received intraperitoneal injections of 500 micrograms of HJ6 series monocional
antibodies HJE.1, HJB.2, HJ6.3, and HJB.4. Plasma cholestero! did not ¢change relative
to-animals that recelved phosphate buffered saline (FIG. 48).

Example 6: HJE series antibodies to human apokE found in the central nervous
sysiem {CNS) after periperhal administration.

(00777 The cersbrospinal fluid (C8F) of ApoE4+/+ or ApoE4-/- mice that recaived
HJG series mAbs or PBS in (see FIG. 4) was diluted {1:23} and the apokd/bictinyiated
antibody complex in the CSF was captured by WUEZ and then detected by HRP40. The
results demonsiraie that in C8F there are complexes of apokd4 with the anti-apok
antibodies HJE.18, HJ6.2B or HJE.3B (FiG. 5}, suggesting that a fraction of the apoE
mAbs were able o enter the CNE compartment and bind to apok. The Obasy followed
the order HJB 1B>HJ6 2B=HJ6.3B>>>HI5 48, whigh is consigtent with the patiern seen
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for the ability of these anlibodies to bind apok on an ELISA plate (FIG. 3) and in plasma
(FIG 4},

Example 7: Wicroglial activation in mice administered HJE series antibodies.

(0078 10 mo/kg of HJB.2, HJE.3 and HJ3.4 antibodies diluted in PBS, or the
sarme volume of PBS was injected info PSAPPF mice intraperiloneally at timepoint 0, day
3, day B, and day 9. On day 10, brains were removed, fixed, and stained with antibody
CD45 which marks activated microglia. There was an increase In the amount of cortex
covered by aclivaled microgis in the HJ&S and HJ3.4 injected mice. The PBAPP mice
i this experiment express mouse apok. These results show that short term
administration of HJ6.3 (an anti-apok antibady} and HJ3.4 (an anti-AB antibody) to 6
month old PSAPF mice that aiready have amyloid plagues over 10 days, results in
microglial activation whereas one ant-apoE antibody (HJ8.2) does not appear to have
this effect (FIG. 6).
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CLAIMS

What is claimed is:

1. Use of at least one anii-ApoE antibody in the manufacture of a medicament for reversing
at least one symptom or sign of AR plaque associated symptoms in a subject having

Alzheimer's disease, Lewy body dementia, or cerebral amyloid angiopathy.

2. The use according to claim 1, wherein a symptom or sign of AB plaque associated
symptoms includes impaired cognitive function, altered behavior, abnormal language
function, emotional dysregulation, seizures, impaired nervous system structure or function,
and an increased risk of development of Alzheimer's disease or cerebral amyloid

angiopathy.
3. The use according to claim 1, wherein the anti-ApoE antibody binds an epitope within the

ApoE coding sequence.

4. Use of at least one anti-ApoE antibody in the manufacture of a medicament for decreasing
the amyloid plague load in the brain of a subject having Alzheimer's disease, Lewy body

dementia, or cerebral amyloid angiopathy.

5. The use according to claim 4, wherein the anti-ApoE antibody binds an epitope within the

ApoE coding sequence.
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6. The use according to claim 4, wherein the amyloid plaque loads are decreased in the
hippocampus.

7. The use according to claim 4, wherein the amyloid plague loads are decreased in the
cortex.

32



