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to monitor treatment and/or disease progression of Alzhe-
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COMPOSITIONS AND METHODS FOR
DIAGNOSING ALZHEIMER’S DISEASE

This invention was made during the course of work
supported in part by the United States Government, under
the National Institutes of Health, Grant Award Number DK
46971. As such, the United States Government may have
certain rights to this invention.

FIELD OF THE INVENTION

The present invention provides compositions and meth-
ods for diagnosing Alzheimer’s disease. In particular, the
present invention provides modified beta-amyloid peptides,
antibodies that specifically bind to the modified beta-
amyloid peptides, and methods of use of these compositions
in the diagnosis of Alzheimer’s disease, as well as methods
to monitor treatment and/or disease progression of Alzhe-
imer’s disease in patients. The present invention also pro-
vides compositions and methods useful in research involv-
ing amyloid precursor protein (APP) metabolism and
Alzheimer’s discase.

BACKGROUND OF THE INVENTION

Alzheimer’s disease (AD) is the fourth most common
cause of death in the United States, next to heart disease,
cancer and stroke. It presently afflicts more than four million
people, and this number is expected to double during the
next forty years with the aging of the population. Alzhe-
imer’s disease is also the most common cause of chronic
dementia, with approximately two million people in the
United States suffering from dementia. At present, it is
estimated that ten percent of the population older than 65
years of age have mild to severe dementia. This high
prevalence, combined with the rate of growth of the elderly
segment of the population, make dementia and particularly
Alzheimer’s disease, important current public health prob-
lems.

To date, Alzheimer’s disease is the third most expensive
disease in the United States, and costs approximately $100
billion each year. Costs associated with AD include direct
medical costs such as nursing home care, direct nonmedical
costs such as in-home day care, as well as indirect costs such
as lost patient and care-giver productivity. Medical treat-
ment may have economic benefits by slowing the rate of
cognitive decline, delaying institutionalization, reducing
care-giver hours, and improving quality of life.

Alzheimer’s disease is a complex multi-genic neurode-
generative disorder characterized by progressive impair-
ments in memory, behavior, language, and visuo-spatial
skills, ending ultimately in death. Hallmark pathologies of
Alzheimer’s disease include granulovascular neuronal
degeneration, extracellular neuritic plaques with -amyloid
deposits, intracellular neurofibrillary tangles and neu-
rofibrillary degeneration, synaptic loss, and extensive neu-
ronal cell death. It is now known that these histopathologic
lesions of Alzheimer’s disease correlate with the dementia
observed in many elderly people.

Research on the causes of and treatments for Alzheimer’s
disease has led investigators down numerous avenues.
Although many models have been proposed, no single
model of AD satisfactorily accounts for all neuropathologic
findings; nor do these models of AD satisfactorily account
for the requirement of aging for disease onset. Cellular
changes, leading to neuronal loss and the underlying etiol-
ogy of the disease, remain unknown. Proposed causes
include environmental factors (Perl, Environmental Health
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Perspective 63:149 [1985]), metal toxicity (Perl et al,
Science 208:297 [1980]), defects in beta-amyloid protein
metabolism (Shijo et al., Science 258:126 [1992]; and
Kosik, Science 256:780 [1992]), and abnormal calcium
homeostasis and/or calcium activated kinases (Mattson et
al., J. Neuroscience 12:376 [1992]). The mechanisms of
disease progression are equally unclear. Considerable
human genetic evidence has implicated alterations in pro-
duction or processing of the human amyloid precursor
protein (APP) in the etiology of the disease. However,
intensive research has proven that AD is a multifactorial
disease with many different, perhaps overlapping, etiologies.

Early detection and identification of Alzheimer’s discase
facilitate prompt, appropriate treatment and care. However,
there is currently no laboratory diagnostic test for Alzhe-
imer’s disease. Although studies have suggested that cal-
cium imaging measurement in fibroblasts were of potential
clinical use in diagnosing Alzheimer’s disease (Peterson et
al., Neurobiology of Aging 9:261 [1988]; and Peterson et al.,
Proc. Natl. Acad. Sci. USA 83:7999 [1986]), other studies
using similar cell lines and techniques have shown no
difference in calcium levels in Alzheimer’s and normal
control fibroblasts (Borden et al., Neurobiology of Aging
13:33 [1991]). Thus, there remains a need for diagnostic
methods for Alzheimer’s disease. In particular, reliable and
cost-effective methods and compositions are needed to allow
reliable diagnosis of Alzheimer’s disease.

SUMMARY OF THE INVENTION

The present invention provides compositions and meth-
ods for diagnosing Alzheimer’s disease. In particular, the
present invention provides modified beta-amyloid peptides,
antibodies that specifically bind to the modified beta-
amyloid peptides, and methods of use of these compositions
for the diagnosis of Alzheimer’s disease. The present inven-
tion also provides compositions and methods useful in
research involving amyloid precursor protein (APP)
metabolism and Alzheimer’s disease.

The present invention provides isolated and modified
B-amyloid (BA) peptides comprising at least one malondi-
aldehyde adduct. In one embodiment, the modified A
peptide comprises the amino acid sequence of SEQ ID
NO:1. In another embodiment, the modified A peptide
comprises at least one malondialdehyde lysine adduct The
present invention also provides purified antibodies directed
against a modified B-amyloid peptide comprising at least
one malondialdehyde adduct. In some embodiments, the
antibody is a monoclonal antibody, while in other
embodiments, the antibody is a polyclonal antibody. In other
related embodiments, the invention provides compositions
comprising the antibody directed against the modified
PA-peptide comprising at least one malondialdehyde
adduct.

The present invention further provides methods for
detecting at least one modified -amyloid peptide compris-
ing at least one malondialdehyde adduct, comprising the
steps of: providing a sample suspected of containing at least
one modified -amyloid peptide comprising at least one
malondialdehyde adduct, and an antibody directed against at
least on modified -amyloid peptide comprising at least on
malondialdehyde adduct; contacting the sample with the
antibody under conditions such that the antibody specifically
binds to the modified f3-amyloid peptide comprising at least
one malondialdehyde adduct, to form an antigen-antibody
complex; and detecting the presence of the antigen-antibody
complex. In some embodiments, the sample is selected from
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the group consisting of blood, plasma, serum, serous fluid,
and cerebrospinal fluid. In some preferred embodiments, the
sample is from a subject. In particularly preferred
embodiments, the subject is a human. In further
embodiments, the subject is selected from the group con-
sisting of subjects displaying pathology resulting from
Alzheimer’s disease, subjects suspected of displaying
pathology resulting from Alzheimer’s disease, and subjects
at risk of displaying pathology resulting from Alzheimer’s
disease. In some particularly preferred embodiments, the
methods further comprise the step of diagnosing Alzhe-
imer’s disease. In additional particularly preferred
embodiments, the Alzheimer’s disease diagnosed using the
methods of the present invention is selected from the group
consisting of late onset Alzheimer’s disease, early onset
Alzheimer’s disease, familial Alzheimer’s disease and spo-
radic Alzheimer’s disease. In some preferred embodiments,
the methods further comprise the step of monitoring the
efficacy of treatment of Alzheimer’s disease.

In some preferred embodiments, the methods comprises
an enzyme-linked immunosorbent assay. In particularly pre-
ferred embodiments, the enzyme-linked immunosorbent
assay is selected from the group consisting of direct enzyme-
linked immunosorbent assays, indirect enzyme-linked
immunosorbent assays, direct sandwich enzyme-linked
immunosorbent assays, indirect sandwich enzyme-linked
immunosorbent assays, and competitive enzyme-linked
immunosorbent assays. In alternative preferred
embodiments, the antibody used in the methods of the
present invention further comprises a conjugated enzyme,
wherein the conjugated enzyme is selected from the group of
enzymes consisting of horseradish peroxidases, alkaline
phosphatases, ureases, glucoamylases, and 3-galactosidases.
In some particularly preferred embodiments, the enzyme-
linked immunosorbent assay further comprises an alkaline
phosphatase amplification system. In alternative preferred
embodiments, the methods further comprise at least one
capture antibody, while in still further embodiments, the
methods further comprise at least one detection antibody
wherein the detection antibody is directed against the anti-
body directed against the modified ff-amyloid peptide com-
prising at least one malondialdehyde adduct. In still further
embodiments, the detection antibody further comprises at
least one conjugated enzyme selected from the group con-
sisting of horseradish peroxidase, alkaline phosphatase,
urease, glucoamylase and [3-galactosidase. In still further
preferred embodiments, the methods further comprise the
step of quantitating the at least one modified -amyloid
peptide comprising at least one malondialdehyde adduct in
the sample.

The present invention also provides kits for the detection
of at least one modified f-amyloid peptide comprising at
least one malondialdehyde adduct, comprising an immobi-
lized support and at least one antibody directed against at
least one modified modified -amyloid peptide comprising
at least one malondialdehyde adduct. In some preferred
embodiments, the kit comprises an enzyme-linked immun-
osorbent assay kit. In still further embodiments, the kit
further comprises components selected from the group con-
sisting of needles, sample collection tubes, 96-well micro-
titer plates, instructions, at least one modified -amyloid
peptide comprising at least one malondialdehyde adduct, an
antibody-enzyme conjugate directed against a modified
[3-amyloid peptide comprising at least one malondialdehyde
adduct, at least one capture antibody, 96-well microtiter
plates precoated with the at least one capture antibody, at
least one coating buffer, at least one blocking buffer, distilled
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water, at least one enzyme-linked immunosorbent assay
enzyme reaction substrate solution, and at least amplifier
system. In some preferred embodiments, the amplifier sys-
tem is an alkaline phosphatase enzyme-linked immunosor-
bent assay amplifier system.

The present invention also provides methods for detecting
at least one antibody directed against a modified [3-amyloid
peptide comprising at least one malondialdehyde adduct,
comprising: a) providing a sample suspected of containing at
least one antibody directed against a modified (-amyloid
peptide comprising at least one malondialdehyde adduct; at
least one modified -amyloid peptide having at least one
malondiadehyde adduct, and a detection antibody; b) con-
tacting the sample with the modified -amyloid peptide,
under conditions such that the antibody directed against a
modified -amyloid peptide comprising at least one malon-
dialdehyde adduct specifically binds to the modified
[(-amyloid peptide to form an antigen-antibody complex; c)
contacting the antigen-antibody complex with the detection
antibody, under conditions such that the detection antibody
specifically binds to the complex; and d) detecting the
specific binding of the detection antibody to the antigen-
antibody complex. In some preferred embodiments, the
sample is selected from the group of samples consisting of
blood, serous fluid, plasma, serum, cerebrospinal fluid,
hybridoma conditioned culture medium, ascites fluid, and
polyclonal antiserum. In some particularly preferred
embodiments, the sample is from a subject, while in other
preferred embodiments, the subject is human. In alternative
preferred embodiments, the subject is selected from the
group consisting of subjects displaying pathology resulting
from Alzheimer’s disease, subjects suspected of displaying
pathology resulting from Alzheimer’s disease, and subjects
at risk of displaying pathology resulting from Alzheimer’s
disease. In still further preferred embodiments, the mehtods
further comprise diagnosing Alzheimer’s disease in the
subject. In some preferred embodiments, the Alzheimer’s
disease is selected from the group consisting of late onset
Alzheimer’s disease, early onset Alzheimer’s disease, famil-
ial Alzheimer’s disease, and sporadic Alzheimer’s discase.
In preferred embodiments, the method comprises an
enzyme-linked immunosorbent assay. In some preferred
embodiments, the enzyme-linked immunosorbent assay is
selected from the group consisting of direct enzyme-linked
immunosorbent assays, indirect enzyme-linked immunosor-
bent assays, direct sandwich enzyme-linked immunosorbent
assays, indirect sandwich enzyme-linked immunosorbent
assays, and competitive enzyme-linked immunosorbent
assays. In still further embodiments, the detection antibody
further comprises a conjugated enzyme, wherein the conju-
gated enzyme is selected from the group of enzymes con-
sisting of horseradish peroxidases, alkaline phosphatases,
ureases, glucoamylases, and f3-galactosidases. In additional
embodiments, the enzyme-linked immunosorbent assay fur-
ther comprises an alkaline phosphatase amplification sys-
tem.

The present invention also provides kits for the detection
of at least one antibody directed against at least one modified
B-amyloid peptide comprising at least one malondialdehyde
adduct, comprising an immobilized support, at least one
purified and modified -amyloid peptide comprising at least
one malondialdehyde adduct, and at least one detection
antibody. In some preferred embodiments, the kit is an
enzyme-linked immunosorbent assay kit. In some preferred
embodiments, the kit comprises components selected from
the group consisting of needles, sample collection tubes,
96-well microtiter plates, instructions, at least one purified
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antibody directed against at least one [-amyloid peptide
comprising at least one malondialdehyde adduct, at least one
96-well microtiter plate precoated with at least one
-amyloide peptide comprising at least one malondialde-
hyde adduct, at least one coating buffer, at least one blocking
buffer, distilled water, at least one enzyme reaction substrate
solution, and at least one amplifier system. In some particu-
larly preferred embodiments, the amplifier system is an
alkaline phosphatase enzyme-linked immunosorbent assay
amplifier system.

DESCRIPTION OF THE DRAWING

FIG. 1 provides the results of a Western immunoblot assay
using a primary antibody having binding specificity for a
modified (3-amyloid peptide comprising at least one malon-
dialdehyde adduct and brain tissue lysate samples.

DEFINITIONS

To facilitate an understanding of the present invention, a
number of terms and phrases are defined below:

As used herein, the terms “peptide,” “polypeptide” and
“protein” all refer to a primary sequence of amino acids that
are joined by covalent “peptide linkages.” In general, a
peptide consists of a few amino acids, typically from 2-50
amino acids, and is shorter than a protein. The term
“polypeptide” encompasses peptides and proteins. In some
embodiments, the peptide, polypeptide or protein is
synthetic, while in other embodiments, the peptide, polypep-
tide or protein are recombinant or naturally occurring. A
synthetic peptide is a peptide which is produced by artificial
means in vitro (i.e., was not produced in vivo).

The terms “sample” and “specimen” are used in their
broadest sense and encompass samples or specimens
obtained from any source. As used herein, the term “sample”
is used to refer to biological samples obtained from animals
(including humans), and encompasses fluids, solids, tissues,
and gases. In preferred embodiments of this invention,
biological samples include cerebrospinal fluid (CSF), serous
fluid, urine, saliva, blood, and blood products such as
plasma, serum and the like. However, these examples are not
to be construed as limiting the types of samples which find
use with the present invention.

As used herein, the terms “beta-amyloid protein,” “amy-
loid beta protein,” “BA,” “BA peptide” and “PA protein” all
refer to a protein produced by neurons and glial cells in the
brain. DA is found in the brain plaques of patients with
Alzheimer’s disease, head trauma and Down’s syndrome,
and is also found normally in the spinal fluid and blood (See
e.g., Haass and Selkoe, Cell 75:1039 [1993]; Teller et al.,
Nature Med., 2:93 [1996)).

As used herein, the term “modified BA peptide” refers to
a beta-amyloid peptide. In preferred embodiments, the
modified BA peptide has been oxidatively modified. In a
particularly preferred embodiment, the modified BA peptide
is oxidatively modified by oxidative stress.

As used herein, the terms “modified -amyloid peptide
comprising at least one malondialdehyde adduct” or “PA-
MDA” refer to a A peptide that has been modified by the
covalent addition of at least one malondialdehyde group. In
some embodiments, the MDA group is added using an
oxidative stress-induced modification reaction (i.e., an oxi-
dation reaction). In one preferred embodiment, the modified
[-amyloid peptide comprising at least one malondialdehyde
adduct comprises a malondialdehyde-lysine adduct.

As used herein, the term “oxidative stress” refers to the
cytotoxic effects of oxygen radicals (i.e., superoxide anion

10

15

20

25

30

35

40

45

50

55

60

65

6
[@0,7], hydroxy radical [@OH], and hydrogen peroxide
[H,O,]), generated as byproducts of metabolic processes
that utilize molecular oxygen (See e.g., Coyle et al., Science
262:689-695 [1993]).

As used herein, the terms “host,” “subject” and “patient”
refer to any animal, including but not limited to, human and
non-human animals (e.g., rodents, arthropods, insects [e.g.,
Diptera], fish [e.g., zebrafish], non-human primates, ovines,
bovines, ruminants, lagomorphs, porcines, caprines,
equines, canines, felines, aves, etc.), which is studied,
analyzed, tested, diagnosed or treated. As used herein, the
terms “host,” “subject” and “patient” are used interchange-
ably.

As used herein, the terms “Alzheimer’s disease” and
“AD” refer to a neurodegenerative disorder and encom-
passes familial Alzheimer’s disease and sporadic Alzhe-
imer’s disease. The term “familial Alzheimer’s disease”
refers to Alzheimer’s disease associated with genetic factors
(i.e., demonstrates inheritance) while “sporadic Alzheimer’s
disease™ refers to Alzheimer’s disease that is not associated
with prior family history of the disease. Symptoms indica-
tive of Alzheimer’s disease in human subjects typically
include, but are not limited to, mild to severe dementia,
progressive impairment of memory (ranging from mild
forgetfulness to disorientation and severe memory loss),
poor visuo-spatial skills, personality changes, poor impulse
control, poor judgement, distrust of others, increased
stubbornness, restlessness, poor planning ability, poor deci-
sion making, and social withdrawal. In severe cases, patients
lose the ability to use language and communicate, and
require assistance in personal hygiene, eating and dressing,
and are eventually bedridden. Hallmark pathologies within
brain tissue include extracellular neuritic $-amyloid plaques,
neurofibrillary tangles, neurofibrillary degeneration, granu-
lovascular neuronal degeneration, synaptic loss, and exten-
sive neuronal cell death.

As used herein, the term “early-onset Alzheimer’s dis-
ease” refers to the classification used in Alzheimer’s disease
cases diagnosed as occurring before the age of 65. As used
herein, the term “late-onset Alzheimer’s disease” refers to
the classification used in Alzheimer’s disease cases diag-
nosed as occurring after the age of 65.

As used herein, the terms “subject having Alzheimer’s
disease” or “subject displaying symptoms or pathology
indicative of Alzheimer’s disease” “subjects suspected of
displaying symptoms or pathology indicative of Alzheimer’s
disease” refer to a subject that is identified as having or
likely to have Alzheimer’s disease based on known Alzhe-
imer’s symptoms and pathology.

As used herein, the term “subject at risk of displaying
pathology indicative of Alzheimer’s disease” refers to a
subject identified as being at risk for developing Alzheimer’s
discase (e.g., because of a familial inheritance pattern of
Alzheimer’s disease in the subject’s family).

As used herein, the term “lesion” refers to a wound or
injury, or to a pathologic change in a tissue. For example, the
amyloid plaque lesions observed in the brains of patients
having Alzheimer’s disease are considered the hallmark
pathology characteristic of the disease.

As used herein, the term “antibody” (or “antibodies”™)
refers to any immunoglobulin that binds specifically to an
antigenic determinant, and specifically, binds to proteins
identical or structurally related to the antigenic determinant
which stimulated their production. Thus, antibodies are
useful in assays to detect the antigen which stimulated their
production. Monoclonal antibodies are derived from a single
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clone of B lymphocytes (i.e., B cells), and are generally
homogeneous in structure and antigen specificity. Polyclonal
antibodies originate from many different clones of antibody-
producing cells, and thus are heterogenous in their structure
and epitope specificity, but all recognize the same antigen. In
some embodiments, monoclonal and polyclonal antibodies
are used as crude preparations, while in preferred
embodiments, these antibodies are purified. For example, in
some embodiments, polyclonal antibodies contained in
crude antiserum are used. Also, it is intended that the term
“antibody” encompass any immunoglobulin (¢.g., IgG, IgM,
IgA, IgE, IgD, etc.) obtained from any source (e.g., humans,
rodents, non-human primates, lagomorphs, caprines,
bovines, equines, ovines, etc.).

As used herein, the terms “auto-antibody” or “auto-
antibodies” refer to any immunoglobulin that binds specifi-
cally to an antigen that is native to the host organism that
produced the antibody (i.e., the antigen is directed against
“self” antigens). The presence of auto-antibodies is referred
to herein as “autoimmunity.”

As used herein, the term “antigen” is used in reference to
any substance that is capable of being recognized by an
antibody. It is intended that this term encompass any antigen
and “immunogen” (i.e., a substance which induces the
formation of antibodies). Thus, in an immunogenic reaction,
antibodies are produced in response to the presence of an
antigen or portion of an antigen. The terms “antigen” and
“immunogen” are used to refer to an individual macromol-
ecule or to a homogeneous or heterogeneous population of
antigenic macromolecules. It is intended that the terms
antigen and immunogen encompass protein molecules or
portions of protein molecules, which contains one or more
epitopes. In many cases, antigens are also immunogens, thus
the term “antigen” is often used interchangeably with the
term “immunogen.” In some preferred embodiments, immu-
nogenic substances are used as antigens in assays to detect
the presence of appropriate antibodies in the serum of an
immunized animal.

As used herein, the terms “antigen fragment” and “portion
of an antigen” and the like are used in reference to a portion
of an antigen. Antigen fragments or portions typcially range
in size, from a small percentage of the entire antigen to a
large percentage, but not 100%, of the antigen. However, in
situations where “at least a portion” of an antigen is
specified, it is contemplated that the entire antigen is also
present (i.e., it is not intended that the sample tested contain
only a portion of an antigen). In some embodiments, antigen
fragments and/or portions therof, comprise an “epitope”
recognized by an antibody, while in other embodiments
these fragments and/or portions do not comprise an epitope
recognized by an antibody. In addition, in some
embodiments, antigen fragments and/or portions are not
immunogenic, while in preferred embodiments, the antigen
fragments and/or portions are immunogenic.

The terms “antigenic determinant” and “epitope” as used
herein refer to that portion of an antigen that makes contact
with a particular antibody variable region. When a protein or
fragment (or portion) of a protein is used to immunize a host
animal, numerous regions of the protein are likely to induce
the production of antibodies which bind specifically to a
given region or three-dimensional structure on the protein
(these regions and/or structures are referred to as “antigenic
determinants™). In some settings, antigenic determinants
compete with the intact antigen (i.e., the “immunogen” used
to elicit the immune response) for binding to an antibody.

The terms “specific binding” and “specifically binding”
when used in reference to the interaction between an anti-
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body and an antigen describe an interaction that is dependent
upon the presence of a particular structure (i.e., the antigenic
determinant or epitope) on the antigen. In other words, the
antibody recognizes and binds to a protein structure unique
to the antigen, rather than binding to all proteins in general
(i.e., nonspecific binding).

As used herein the term “immunogenically-effective
amount” refers to that amount of an immunogen required to
invoke the production of protective levels of antibodies in a
host upon vaccination.

As used herein, the term “adjuvant” is defined as a
substance which enhances the immunogenicity of a coad-
ministered antigen. If adjuvant is used, it is not intended that
the present invention be limited to any particular type of
adjuvant—or that the same adjuvant, once used, be used for
all subsequent immunizations. The present invention con-
templates many adjuvants, including but not limited to,
keyhole limpet hemocyanin (KLH), agar beads, aluminum
hydroxide or phosphate (alum), Freund’s adjuvant
(incomplete or complete), Quil A adjuvant and Gerbu adju-
vant (Accurate Chemical and Scientific Corporation), and
bacterins (i.e., killed preparations of bacterial cells, espe-
cially mycoplasma).

As used herein, the terms “purified” and “to purify” and
“purification” refers to the removal or reduction of at least
one contaminant from a sample. For example, antibodies are
purified by removal of contaminating non-immunoglobulin
proteins. Antibodies are also purified by the removal of
immunoglobulin that does not bind to the target molecule.
The removal of non-immunoglobulin proteins and/or the
removal of immunoglobulins that do not bind to the target
molecule results in an increase in the percent of target-
reactive immunoglobulins in the sample (i.e., “enrichment™
of an antibody).

As used herein, the term “immunoassay” refers to any
assay that uses at least one specific antibody for the detection
or quantitation of an antigen. Immunoassays include, but are
not limited to, Western blots, ELISAs, radio-immunoassays,
and immunofluorescence assays. Furthermore, many differ-
ent ELISA formats are known to those in the art, any of
which will find use in the present invention. However, it is
not intended that the present invention be limited to these
assays. In additional embodiments, other antigen-antibody
reactions are used in the present invention, including but not
limited to “flocculation” (i.e., a colloidal suspension pro-
duced upon the formation of antigen-antibody complexes),
“agglutination” (i.e., clumping of cells or other substances
upon exposure to antibody), “particle agglutination” (i.e.,
clumping of particles coated with antigen in the presence of
antibody or the clumping of particles coated with antibody
in the presence of antigen), “complement fixation” (i.e., the
use of complement in an antibody-antigen reaction method),
and other methods commonly used in serology,
immunology, immunocytochemistry,
immunohistochemistry, and related fields.

The terms “Western blot,” “Western immunoblot”
“immunoblot” and “Western” refer to the immunological
analysis of protein(s), polypeptides or peptides that have
been immobilized onto a membrane support. The proteins
are first resolved by polyacrylamide gel electrophoresis (i.c.,
SDS-PAGE) to separate the proteins, followed by transfer of
the protein from the gel to a solid support, such as nitro-
cellulose or a nylon membrane. The immobilized proteins
are then exposed to an antibody having reactivity towards an
antigen of interest. The binding of the antibody (i.e., the
primary antibody) is detected by use of a secondary antibody
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which specifically binds the primary antibody. The second-
ary antibody is typically conjugated to an enzyme which
permits visualization of the antigen-antibody complex by the
production of a colored reaction product or catalyzes a
luminescent enzymatic reaction (e.g., the ECL reagent,
Amersham).

As used herein, the term “ELISA” refers to enzyme-
linked immunosorbent assay (or EIA). Numerous ELISA
methods and applications are known in the art, and are
described in many references (See, e.g., Crowther,
“Enzyme-Linked Immunosorbent Assay (ELISA),” in
Molecular Biomethods Handbook, Rapley et al. [eds.], pp.
595-617, Humana Press, Inc., Totowa, N.J. [1998]; Harlow
and Lane (eds.), Antibodies: A Laboratory Manual, Cold
Spring Harbor Laboratory Press [1988]; Ausubel et al.
(eds.), Current Protocols in Molecular Biology, Ch. 11, John
Wiley & Sons, Inc., New York [1994]). In addition, there are
numerous commercially available ELISA test systems.

One of the ELISA methods used in the present invention
is a “direct ELISA,” where an antigen (e.g., PA-MDA
peptide) in a sample is detected. In one embodiment of the
direct ELISA, a sample containing antigen is exposed to a
solid (i.e., stationary or immobilized) support (¢.g., a micro-
titer plate well). The antigen within the sample becomes
immobilized to the stationary phase, and is detected directly
using an enzyme-conjugated antibody specific for the anti-
gen.

In an alternative embodiment, an antibody specific for an
antigen is detected in a sample. In this embodiment, a
sample containing an antibody (e.g., an anti-BA-MDA
antibody) is immobilized to a solid support (e.g., a microtiter
plate well). The antigen-specific antibody is subsequently
detected using purified antigen and an enzyme-conjugated
antibody specific for the antigen.

In an alternative embodiment, an “indirect ELISA” is
used. In one embodiment, an antigen (or antibody) is immo-
bilized to a solid support (e.g., a microtiter plate well) as in
the direct ELISA, but is detected indirectly by first adding an
antigen-specific antibody (or antigen), then followed by the
addition of a detection antibody specific for the antibody that
specifically binds the antigen, also known as “species-
specific” antibodies (e.g., a goat anti-rabbit antibody), which
are available from various manufacturers known to those in
the art (e.g., Santa Cruz Biotechnology; Zymed; and
Pharmingen/Transduction Laboratories).

In other embodiments, a “sandwich ELISA” is used,
where the antigen is immobilized on a solid support (e.g., a
microtiter plate) via an antibody (i.e., a capture antibody)
that is immobilized on the solid support and is able to bind
the antigen of interest. Following the affixing of a suitable
capture antibody to the immobilized phase, a sample is then
added to the microtiter plate well, followed by washing. If
the antigen of interest is present in the sample, it is bound to
the capture antibody present on the support. In some
embodiments, a sandwich ELISA is a “direct sandwich”
ELISA, where the captured antigen is detected directly by
using an enzyme-conjugated antibody directed against the
antigen. Alternatively, in other embodiments, a sandwich
ELISA is an “indirect sandwich” ELISA, where the captured
antigen is detected indirectly by using an antibody directed
against the antigen, which is then detected by another
enzyme-conjugated antibody which binds the antigen-
specific antibody, thus forming an antibody-antigen-
antibody-antibody complex. Suitable reporter reagents are
then added to detect the third antibody. Alternatively, in
some embodiments, any number of additional antibodies are
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added as necessary, in order to detect the antigen-antibody
complex. In some preferred embodiments, these additional
antibodies are labelled or tagged, so as to permit their
visualization and/or quantitation.

As used herein, the term “capture antibody” refers to an
antibody that is used in a sandwich ELISA to bind (i.c.,
capture) an antigen in a sample prior to detection of the
antigen. For example, in some embodiments, the polyclonal
anti-BA-MDA antibody of the present invention serves as a
capture antibody when immobilized in a microtiter plate
well. This capture antibody binds BA-MDA antigen present
in a sample added to the well. In one embodiment of the
present invention, biotinylated capture antibodies are used in
the present invention in conjunction with avidin-coated solid
support. Another antibody (i.e., the detection antibody) is
then used to bind and detect the antigen-antibody complex,
in effect forming a “sandwich” comprised of antibody-
antigen-antibody (i.e., a sandwich ELISA).

As used herein, a “detection antibody” is an antibody
which carries a means for visualization or quantitation,
which is typically a conjugated enzyme moiety that typically
yields a colored or fluorescent reaction product following
the addition of a suitable substrate. Conjugated enzymes
commonly used with detection antibodies in the ELISA
include horseradish peroxidase, urease, alkaline
phosphatase, glucoamylase and f(-galactosidase. In some
embodiments, the detection antibody is directed against the
antigen of interest, while in other embodiments, the detec-
tion antibody is not directed against the antigen of interest.
In some embodiments, the detection antibody is an anti-
species antibody. Alternatively, the detection antibody is
prepared with a label such as biotin, a fluorescent marker, or
a radioisotope, and is detected and/or quantitated using this
label.

As used herein, the terms “reporter reagent,” “reporter
molecule,” “detection substrate” and “detection reagent” are
used in reference to reagents which permit the detection
and/or quantitation of an antibody bound to an antigen. For
example, in some embodiments, the reporter reagent is a
colorimetric substrate for an enzyme that has been conju-
gated to an antibody. Addition of a suitable substrate to the
antibody-enzyme conjugate results in the production of a
colorimetric or fluorimetric signal (e.g., following the bind-
ing of the conjugated antibody to the antigen of interest).
Other reporter reagents include, but are not limited to,
radioactive compounds. This definition also encompasses
the use of biotin and avidin-based compounds (e.g., includ-
ing but not limited to neutravidin and streptavidin) as part of
the detection system.

As used herein, the term “signal” is used generally in
reference to any detectable process that indicates that a
reaction has occurred, for example, binding of antibody to
antigen. It is contemplated that signals in the form of
radioactivity, fluorimetric or colorimetric products/reagents
will all find use with the present invention. In various
embodiments of the present invention, the signal is assessed
qualitatively, while in alternative embodiments, the signal is
assessed quantitatively.

As used herein, the term “amplifier” is used in reference
to a system which enhances the signal in a detection method,
such as an ELISA (e.g., an alkaline phosphatase amplifier
system used in an ELISA).

As used herein, the term “solid support” is used in
reference to any solid or stationary material to which
reagents such as antibodies, antigens, and other test com-
ponents are attached. For example, in the ELISA method, the

33«
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wells of microtiter plates provide solid supports. Other
examples of solid supports include microscope slides,
coverslips, beads, particles, cell culture flasks, as well as
many other suitable items.

As used herein, the term “kit” is used in reference to a
combination of reagents and other materials which facilitate
sample analysis. In some embodiments, the immunoassay
kit of the present invention includes a suitable capture
antibody, reporter antibody, antigen, detection reagents and
amplifier system. Furthermore, in other embodiments, the
kit includes, but is not limited to, components such as
apparatus for sample collection, sample tubes, holders, trays,
racks, dishes, plates, instructions to the kit user, solutions or
other chemical reagents, and samples to be used for
standardization, normalization, and/or control samples.

As used herein, the term “in vitro” refers to an artificial
environment and to processes or reactions that occur within
an artificial environment. In vitro environments consist of,
but are not limited to, controlled laboratory conditions. The
term “in vivo” refers to the natural environment (e.g., an
animal or a cell) and to processes or reactions that occur
within that natural environment.

DESCRIPTION OF THE INVENTION

The present invention provides compositions and meth-
ods for diagnosing Alzheimer’s disease. In particular, the
present invention provides methods for diagnosing Alzhe-
imer’s disease using antibodies that specifically bind to
modified beta amyloid peptides indicative of Alzheimer’s
disease.

Deposition of cerebral amyloid is a primary neuropatho-
logic marker of Alzheimer’s disease (AD). This amyloid is
composed of a 40-42 amino acid peptide known as the beta
amyloid peptide (BA) (Glenner et al., Biochem. Biophys.
Res. Commun., 120:885-890 [1984]). Amyloid deposits in
AD are found mainly as components of senile plaques, and
in the walls of cerebral and meningeal blood vessels
(Robakis et al., Neurobiol. Aging 15:S127-129 [1994]). A
is also produced during normal cellular metabolism (Haass
et al., Nature 359:322-324 [1992]; Shoji et al., Science
258:126—129 [1992)).

Molecular cloning showed that BA comprises a small
region of a larger amyloid precursor protein (i.e., “APP”)
(Robakis et al., Proc. Natl. Acad. Sci. USA 84:4190-4194
[1987]; and Weidemann et al., Cell 57:115-126 [1989]). The
APP protein is a type I integral membrane glycoprotein
having a large extracytoplasmic portion, a smaller intracy-
toplasmic region, and a single transmembrane domain. APP
undergoes extensive post-translational modifications prior to
the secretion of its N-terminal portion (See e.g., Pappolla et
al., in “Perspectives in behavioral medicine, Alzheimer’s
disease and AIDS,” Stein et al. [eds.], Academic Press, San
Diego, Calif., pp. 3-20 [1995]; and Robakis et al., Neuro-
biol. Aging 15:S127-129[1994]). Physiologic processing of
APP involves cleavage within the BA sequence by an
uncloned enzymatic activity, termed alpha-secretase
(Anderson et al., Neurosci. Lett., 128:126-129 [1991)).
Smaller quantities of APP molecules are cleaved at two other
sites that potentially produce amyloidogenic secreted or
membrane bound APP (Robakis et al., 1994, supra).

Although it is not clear whether beta-amyloid accumula-
tion causes Alzheimer’s disease or is an effect of Alzhe-
imer’s disease, considerable evidence has strengthened the
view that amyloid accumulation is the causative agent of
Alzheimer’s disease. However, it is not necessary to under-
stand the cause or effect of beta-amyloid accumulation in
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Alzheimer’s disease in order to practice the present
invention, nor is it intended that the present invention be
limited to any particular mechanism or mechanisms of
disease genesis or toxicity. Indeed, an understanding of any
of the mechanisms of pathogenesis are not necessary in
order to use the present invention.

First, several point mutations within the APP gene which
segregate within a subgroup of patients afflicted with a
familial form of the disorder have been identified, thereby
suggesting a pathogenetic relationship between the APP
gene and AD (Chartier-Harlin et al., Nature 353:844-846
[1991]; and Kennedy et al., Brain 116:3009-324 [1993]).
Second, amyloid deposition temporally precedes the devel-
opment of neurofibrillary changes (Pappolla et al., Mol.
Chem. Neuropathol., 28:21-34 [1996]). This observation is
also consistent with a link between amyloid and neuronal
degeneration. Finally, it has been shown that BA has neu-
rotoxic properties (Yankner et al., Science 250:279-282
[1990]; and Behl et al., Biochem. Biophys. Res. Commun.,
186:944-950[1992]). Although the mechanism of toxicity is
not totally understood, BA neurotoxicity provides a possible
connection between amyloid accumulation and neurodegen-
eration. In addition to free-radicals, increased sensitivity to
excitotoxicity and/or disruption of Ca**, homeostasis seems
to be involved (See e.g., Copani et al., Molecular Pharma-
cology 47:890-897 [1995]; Mattson et al., Trends Newurosci.,
16:409-414[1993]; Le et al., Brain Res., 686:49—60[1995];
and Mark et al., J. Neurosci., 15:6239-6249 [1995]). The
magnitude of the damage contributed by each of these
factors and the extent of their interaction are not clear
(Copani et al., 1995, supra). However, it is not necessary to
understand the cause or effect of beta-amyloid accumulation
in Alzheimer’s disease in order to practice the present
invention, nor is it intended that the present invention be
limited to any particular mechanism or mechanisms of
disease genesis or toxicity. Indeed, an understanding of any
of the mechanisms of pathogenesis are not necessary in
order to use the present invention.

Because of the close association between aging and AD
and the similarities in the neuropathology observed in both
conditions, oxidative stress has been proposed to play a role
in the pathogenesis of Alzheimer’s disease. It is believed that
oxidative stress introduces oxidative modifications in A
before and/or after its secretion into the extracellular matrix.
Furthermore, it is contemplated that circulating fA in indi-
viduals having Alzheimer’s disease, brain trauma or Down’s
syndrome, but not in individuals without neurological injury,
have specific post-translational chemical modifications.
However, an understanding of the mechanism(s) involved in
Alzheimer’s disease pathogenesis is not necessary in order
to practice the present invention, nor is it intended that the
present invention be limited to any particular mechanism(s)
of disease pathogenesis.

In one embodiment, the present invention provides modi-
fied BA synthetic peptides. A commercially available A
synthetic polypeptide 1-42 (SEQ ID NO: 1, Sigma, Catalog
No. A9810) was chemically modified in vitro to produce a
BA peptide containing malondialdehyde adduct(s) (See,
Example 1). The unmodified peptide has the sequence:

Asp-Ala-Glu-Phe-Arg-His-Asp-Ser-Gly-Tyr-Glu-Val-

His-His-Gln-Lys- Leu-Val-Phe-Phe-Ala-Glu-Asp-Val-
Gly-Ser-Asn-Lys-Gly-Ala-lIle-Ile- Gly-Leu-Met-Val-
Gly-Gly-Val-Val-Tle-Ala (SEQ ID NO:1)
This BA peptide with a malondialdehyde adduct modifica-
tion is referred to herein as “fA-MDA.” It has been shown
previously that protein-MDA adducts are formed by the
modification of lysine residues. However, it is not intended
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that the present invention be limited to malondialdehyde
adducts formed on lysine residues of the BA peptide. As
oxidative stress is implicated in the aging process, it is
contemplated that oxidative stress modifications (e.g., the
presence of malondialdehyde adduct[s]) are associated with
BA peptides in patients having Alzheimer’s disease.
However, an understanding of the mechanism of oxidative
stress modifications or modified fA-peptides is not neces-
sary to make or use the present invention. Also it is not
intended that the present invention be limited to this one type
of modification.

In another embodiment (e.g., as described in Example 2),
synthetic PA-MDA peptide (e.g., produced as described in
Example 1) was used to raise anti-BA-MDA polyclonal
antiserum in rabbits. Briefly, the BA-MDA peptide was
conjugated to keyhole limpet hemocyanin (KLH), mixed
with Freund’s incomplete adjuvant, and used to immunize
New Zealand white rabbits at 8—10 subcutaneous dorsal sites
using standard methods. The animals received boosts at 4, 6
and 8 weeks after the initial immunization. Bleeds were
obtained at weeks 8, 12 and 16 following the initial immu-
nization. The presence of anti-BA-MDA antibody in the
rabbits’ sera was tested using a Western immunoblot tech-
nique (e.g., as described in Example 4). The polyclonal
antibody was purified using a combination of ammonium
sulfate precipitation and immunoaffinity purification, as
known in the art.

It is not intended that the production of antibody of the
present invention be limited to any particular method.
Indeed, it is contemplated that the antibody be prepared by
any suitable method. In addition, polyclonal as well as
monoclonal antibodies find use in the present invention.
Indeed, the present invention also provides methods for the
production of monoclonal antibody directed against
BA-MDA peptide (e.g., as described in Example 3). Numer-
ous methods for the production and purification of mono-
clonal and polyclonal antibodies are well known in the art
(See e.g., Sambrook et al. (eds.), Molecular Cloning, Cold
Spring Harbor Laboratory Press [1989]; Harlow and Lane
(eds.), Antibodies: A Laboratory Manual, Cold Spring Har-
bor Laboratory Press [1988]; Ausubel et al. (eds.), Current
Protocols in Molecular Biology, p. 11.4.2-11.15.4, John
Wiley & Sons, Inc., New York [1994]; Kohler and Milstein,
Nature 256:495-497 [1975]; Kozbor et al., Immunol. Today
4:72.[1983]; and Cole et al., in Monoclonal Antibodies and
Cancer Therapy, Alan R. Liss, Inc., pp. 77-96 [1985]).

In addition, in other embodiments, any suitable modified
A peptide or fragment thereof, is used as an immunogen. In
some embodiments, the irrmunogen is native, while in other
embodiments, the immunogen is synthetic (i.e., recombinant
or produced by in vitro chemical synthesis). Similarly, it is
not intended that the present invention be limited to any
particular fA-derived immunogen, immunization method,
immunization schedule, animal species, test protocol for
determining antibody production or antibody purification
method.

In some embodiments, the antibody preparation of the
present invention is purified from crude antiserum, hybri-
doma or cell culture supernatant, ascites fluid, or other
starting material using any conventional method. Such puri-
fication methods include, but are not limited to, protein A
affinity, protein G affinity, ammonium sulfate precipitation,
ion exchange chromatography, gel filtration, and immunoaf-
finity chromatography (See, e.g., Harlow and Lane (eds.),
Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press [1988]; and Ausubel et al. (eds.), Current
Protocols in Molecular Biology, Ch. 11, John Wiley & Sons,
Inc., New York [1994]).
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The antibodies of the present invention find numerous
uses, including Western blotting, enzyme-linked immun-
osorbent assays (ELISAs), radioimmunoassays (RIAs),
immunofluorescence assays (IFAs), immunoprecipitation,
immunohistochemistry and clinical diagnostic applications
using methods known in the art (See e.g., Harlow and Lane
(eds.), Anribodies: A Laboratory Manual, Cold Spring Har-
bor Laboratory Press [ 1988]; Ausubel et al. (eds.), Current
Protocols in Molecular Biology, Vol. 1-4, John Wiley &
Sons, Inc., New York [1994]; and Laurino et al., Aun. Clin.
Lab Sci., 29(3):158-166 [1999]).

The specificity of a polyclonal antibody produced during
the development of the present invention was tested in a
Western immunoblot (e.g., as described in Example 4,
below). In this protocol, purified polyclonal anti-BA-MDA
antibody (e.g., produced as described in Example 2) was
used as the primary antibody, and a goat-anti-rabbit IgG-
horse radish peroxidase (HRPO) conjugated antibody (Santa
Cruz) was used as the secondary antibody. Briefly, BA-MDA
and unmodified A synthetic peptide samples were prepared
for analysis in Laemmli buffer. Peptide samples were
resolved using denaturing polyacrylamide gel electrophore-
sis (i.e., SDS-PAGE) and electroblotted onto nitrocellulose.
Blots were incubated overnight in blocking buffer with
anti-BA-MDA antibody at a 1:1,000 dilution. Membranes
were washed, then incubated with HRPO-conjugated goat
anti-rabbit IgG (Santa Cruz) diluted to 1:5,000 in blocking
buffer. Following this incubation, blots were washed 3 times,
then incubated in chemiluminescent detection substrate and
the signal detected on X-ray film. This experiment demon-
strated that the anti-BA-MDA antibody detected BA-MDA
synthetic peptide, but not unmodified peptide. The preim-
mune serum showed no reactivity towards the same
samples.

Following the establishment of the specificity of the
anti-BA-MDA antibody of the present invention, the anti-
body was used to detect endogenous BA-MDA forms in
human brain cortex tissue from an Alzheimer’s patient and
a matched control individual without Alzheimer’s disease
(as described in Examples 5 and 6, below).

Briefly, lysates were produced from these two brain
tissues. These brain cortex tissue lysates were then subjected
to immunoprecipitation, using 2 ug of an anti-uA antibody
(Transduction Laboratories, Affinity Research Products
Catalog No. AK6905) and Protein-A-agarose beads. The
resulting immunoprecipitates were fractionated using SDS-
PAGE and analyzed in a Western immunoblot (e.g., as
described in Example 4), where the anti-BA-MDA antibody
of the present invention was used as the primary antibody,
and an HRPO-conjugated goat-anti-rabbit antibody was the
secondary antibody.

As shown in FIG. 1, this experiment demonstrates that at
least one protein present in the brain tissue
BA-immunoprecipitate of an Alzheimer’s disease patient
(lane indicated as “AD”) was recognized by the anti-BA-
MDA antibody. However, no such bands were detected in
the lane containing immunoprecipitate from the control (i.e.,
disease-free individual; lane indicated as “CONTROL”). A
single, predominant reacting protein band was also observed
when using crude brain tissue lysates that had not been
immunoprecipitated using the anti-BA antibody.

The specificity of the primary and secondary antibodies
were further confirmed by immunoprecipitation and Western
blot analysis using an anti-f3-galactosidase antibody and
brain tissue from an Alzheimer’s disease patient. This immu-
noprecipitate was blotted and probed in parallel with the AD
and CONTROL samples used in the blot shown in FIG. 1
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using the same anti-BA-MDA primary antibody and the
HRPO-conjugated secondary antibody (lane indicated as
“B-GAL”). As shown in FIG. 1, the anti-BA-MDA primary
antibody showed no reactivity towards the anti-f3-
galactosidase immunoprecipitate from the brain tissue of the
Alzheimer’s patient. Furthermore, in a separate experiment,
it was found that the antibody that detects unmodified BA
polypeptide when used as the primary antibody, detected
identical bands in the immunoprecipitated brain tissues from
an Alzheimer’s disease patient and a disease-free control
individual.

Thus, polyclonal anti-BA-MDA antibody (e.g., produced
as described in Example 2), recognizes a modified endog-
enous fA-MDA peptide that is found only in the brain of an
individual having Alzheimer’s disease, but not in the brain
of an unaffected individual. Thus, the present invention
provides compositions and methods for post-mortem diag-
nosis of Alzheimer’s disease.

It is known that fA is present in human blood and
cerebrospinal fluid (CSF) of living subjects. It is contem-
plated that A-MDA is also present in the blood, serous fluid
and/or CSF of living subjects. It is contemplated that the
presence of BA-MDA, or its presence above a threshold
level, in these fluids is diagnostic of Alzheimer’s disease.
Thus, the present invention provides methods and compo-
sitions for the diagnosis and prognosis of Alzheimer’s
disease. Indeed, the present invention provides compositions
and methods to analyze disease severity, and the efficacy of
Alzheimer’s disease therapies. It is contemplated that sub-
jects identified as having higher levels of A-MDA (e.g., in
blood, serous fluid or CSF) have more advanced Alzhe-
imer’s disease than subjects showing lower levels of
BA-MDA. It is contemplated that by monitoring the levels
of PA-MDA in blood, serous fluid and/or CSF of patients
undergoing treatment for Alzheimer’s disease, determina-
tions regarding the effectiveness of treatment regimes are
possible. For example, reduced levels of fA-MDA over time
indicate that the treatment used to treat a subject with
Alzheimer’s disease is effective.

It is contemplated that the present invention will find use
in testing subjects such as those who have been previously
diagnosed with Alzheimer’s disease, those who are sus-
pected of having Alzheimer’s disease, and those at risk of
developing Alzheimer’s disease. For example, patients diag-
nosed with dementia, in particular, those patients who were
previously clinically normal, are suitable subjects. However,
it is not intended that the present invention be limited to use
with any particular subject or patient types. The methods of
the present invention are also useful for detecting early onset
Alzheimer’s disease and late onset Alzheimer’s disease, as
well as for detecting sporadic Alzheimer’s disease and
familial Alzheimer’s disease.

The present invention also provides compositions and
methods for the detection and quantitation (i.e.,
measurement) of BA-MDA peptide in the blood, serous fluid
and CSF. Standard techniques known in the art are easily
adapted to quantitate the levels of circulating PA-MDA
peptide in blood, serous fluid and/or CSF samples, including
but not limited to, ELISA.

Factors contributing to the success of the ELISA methods
of the present invention include their sensitivity, versatility,
long reagent shelf-life, ease of preparation of reagents,
non-radioactive reagents, and assay speed. Furthermore, in
some embodiments, the assay is quantitative. In addition,
reagents and equipment designed specifically for use in
ELISA protocols are readily available from numerous
manufacturers, including Pierce Chemical Company, Bio-
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Rad, Dynatech Industries, GibcoBRL/Life Technologies,
Fisher Scientific, and Promega.

Many ELISA applications and formats have been
described. Various sources provide discussion of ELISA
chemistry, applications, and detailed protocols (See e.g.,
Crowther, “Enzyme-Linked Immunosorbent Assay
(ELISA),” in Molecular Biomethods Handbook, Rapley et
al. [eds.], pp- 595-617, Humana Press, Inc., Totowa, N.J.
[1998]; Harlow and Lane (eds.), Anfibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press [1988];
Ausubel et al. (eds.), Current Protocols in Molecular
Biology, Ch. 11, John Wiley & Souns, Inc., New York [1994];
and Laurino et al., Ann. Clin. Lab Sci., 29(3):158-166
[1999)).

In preferred embodiments of the present invention,
ELISA methods for quantitation of antigen are provided. In
some of these methods, the antigen (e.g., the BA-MDA
peptide) is first immobilized on a solid support (e.g., in a
microtiter plate well). Detection and quantitation of the
immobilized antigen is accomplished by use of an antibody-
enzyme conjugate capable of binding to the immobilized
antigen and producing a quantifiable signal. In some
embodiments, the amount of antigen present is directly
proportional to the amount of enzyme reaction product
produced after the addition of an appropriate enzyme sub-
strate.

As indicated previously, enzymes commonly used in
ELISAs include horseradish peroxidase (HRPO), urease,
alkaline phosphatase, glucoamylase and [-galactosidase.
Protocols for the preparation of suitable antibody-enzyme
conjugates are well known in the art. The present invention
provides methods for the preparation of an antibody-enzyme
(i.e., HRPO enzyme) conjugate that specifically recognizes
the antigen of interest (i.e., BA-MDA peptide) for use in
immunoassay (¢.g., ELISA) methods for detection of Alzhe-
imer’s disease. It is not intended that the present invention
be limited to the antibody-enzyme conjugation method
provided herein, as those of skill in the art will recognize
other methods for antibody-enzyme conjugation that find
use with the present invention.

Conjugation of enzymes to antibodies involves the for-
mation of a stable, covalent linkage between an enzyme
(e.g., HRPO or alkaline phosphatase) and the antibody (e.g.,
the polyclonal anti-BA-MDA antibody), where neither the
antigen-binding site of the antibody nor the active site of the
enzyme is functionally altered.

The conjugation of antibody and HRPO is dependent on
the generation of aldehyde groups by periodate oxidation of
the carbohydrate moieties on HRPO (Nakane and Kawaoi,
J. Histochem. Cytochem., 22:1084-1091 [1988]). Combina-
tion of these active aldehydes with amino groups on the
antibody forms Schiff bases that, upon reduction by sodium
borohydride, become stable.

Protocols to make antibody-enzyme conjugates using
urease or alkaline phosphatase enzymes are also known in
the art (Healey et al., Clin. Chim. Acta 134:51-58 [1983];
Voller et al., Bull. WH.O., 53:55—65 [1976]; and Jeanson et
al., J. Immunol. Methods 111:261-270 [1988]). For urease
conjugation, cross-linking of the urease enzyme (e.g., Ure-
ase Type VII, Sigma No. U0376) and antibody using
m-maleimidobenzoyl N-hydroxysuccinimide ester (MBS) is
achieved through benzoylation of free amino groups on the
antibody. This is followed by thiolation of the maleimide
moiety of MBS by the cysteine sulfhydryl groups of urease.
To prepare an alkaline phosphatase-antibody conjugate, a
one-step glutaraldehyde method is the simplest procedure
(Voller et al., Bull. WH.O., 53:55-65 [1976]). This anti-
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bodyalkaline phosphatase conjugation protocol uses an
enzyme immunoassay grade of the alkaline phosphatase
enzyme.

The end product of an ELISA is a signal typically
observed as the development of color or fluorescence.
Typically, this signal is read (i.e., quantitated) using a
suitable spectrocolorimeter (i.e., a spectrophotometer) or
spectrofluorometer. The amount of color or fluorescence is
directly proportional to the amount of immobilized antigen.
In some embodiments of the present invention, the amount
of antigen in a sample (e.g., the amount of fA-MDA peptide
in a blood or CSF sample) is quantitated by comparing
results obtained for the sample with a series of control wells
containing known concentrations of the antigen (i.e., a
standard concentration curve). A negative control is also
included in the assay system.

It is contemplated that any suitable chromogenic or fluo-
rogenic substrates will find use with the enzyme-conjugated
antibodies of the present invention. In some embodiments of
the present invention, the substrate p-nitrophenyl phosphate
(NPP) in diethanolamine is the preferred substrate for use in
colorimetric ELISA methods, and 4-methylumbelliferyl
phosphate (MUP) is the preferred alkaline phosphatase
substrate in fluorometric ELISA methods.

The present invention provides various ELISA protocols
for the detection and/or quantitation of fA-MDA antigen in
a sample. In one embodiment, the present invention provides
a “direct ELISA” for the detection of BA-MDA antigen in a
sample. In some embodiments, the antigen of interest in a
sample (i.e., the BA-MDA peptide) is bound (along with
unrelated antigens) to the solid support (e.g., a microtiter
plate well). The immobilized antigen is then directly
detected by the antigen-specific enzyme-conjugated
antibody, also provided by the present invention. Addition of
an appropriate detection substrate results in color develop-
ment or fluorescence that is proportional to the amount of
antigen present in the well.

In another embodiment, the present invention provides an
indirect ELISA for the detection of antigen in a sample. In
this embodiment, antigen of interest in a sample is immo-
bilized (along with unrelated antigens) to a solid support
(e.g., a microtiter plate well) as in the direct ELISA, but is
detected indirectly by first adding an antigen-specific
antibody, then followed by the addition of a detection
antibody specific for the antibody that specifically binds the
antigen, also known as “speciesspecific” antibodies (e.g., a
goat anti-rabbit antibody), which are available from various
manufacturers known to one in the art (e.g., Santa Cruz
Biotechnology;, Zymed; and Pharmingen/Transduction
Laboratories).

In some embodiments, the concentration of sample added
to each well is titrated, so as to produce an antigen concen-
tration curve. In other embodiments, the concentration of
conjugated antibody is titrated. Indeed, such titrations are
typically performed during the initial development of ELISA
systems.

In another embodiment, the present invention provides
“sandwich ELISA” methods, in which the antigen in a
sample is immobilized on the solid support by a “capture
antibody” that has been previously bound to the solid
support. In general, the sandwich ELISA method is more
sensitive than other configurations, and is capable of detect-
ing 0.1-1.0 ng/ml protein antigen. As indicated above, the
sandwich ELISA method involves pre-binding the “capture
antibody” which recognizes the antigen of interest (i.e., the
BA-MDA peptide) to the solid support (e.g., wells of the
microtiter plate). In some embodiments, a biotinylated cap-
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ture antibody is used in conjunction with avidin-coated
wells. Test samples and controls are then added to the wells
containing the capture antibody. If antigen is present in the
samples and/or controls, it is bound by the capture antibody.

In some embodiments, after a washing step, detection of
antigen that has been immobilized by the capture antibody
is detected directly (i.e., a direct sandwich ELISA). In other
embodiments detection of antigen that has been immobilized
by the capture antibody is detected indirectly (i.e., an
indirect sandwich ELISA). In the direct sandwich ELISA,
the captured antigen is detected using an antigen-specific
enzyme-conjugated antibody. In the indirect sandwich
ELISA, the captured antigen is detected by using an anti-
body directed against the antigen, which is then detected by
another enzyme-conjugated antibody which binds the
antigen-specific antibody, thus forming an antibody-antigen-
antibody-antibody complex. In both the direct and indirect
sandwich ELISAs, addition of a suitable detection substrate
results in color development or fluorescence that is propor-
tional to the amount of antigen that is present in the well.

In the sandwich ELISA, the capture antibody used is
typically different from the second antibody (the “detection
antibody”). The choice of the capture antibody is empirical,
as some pairwise combinations of capture antibody and
detection antibody are more or less effective than other
combinations. The same monoclonal antibody must not be
used as both the capture antibody and the conjugated detec-
tion antibody, since recognition of a single epitope by the
capture antibody will preclude the enzyme-conjugated
detection antibody from binding to the antigen. However, in
some embodiments, two different monoclonal antibodies
that recognize different epitopes are used in this assay. In
other embodiments, the same polyclonal antibody prepara-
tion is used as both the capture antibody and conjugated
detection antibody, since multiple epitopes are recognized in
the pool of polyclonal antibody species. In some
embodiments, the polyclonal anti-BA-MDA antibody pro-
vided by the present invention is used as both the capture
antibody and the enzyme-conjugated detection antibody in
the sandwich ELISA. Alternatively, in other embodiments, it
is contemplated that a monoclonal or polyclonal antibody
which recognizes an unmodified fA peptide will find use as
the capture antibody, and the anti-BA-MDA polyclonal
antibody is used as the enzyme-conjugated detection anti-
body.

Antibodies which recognize unmodified forms of the A
peptide suitable for use in the present invention are readily
available from various manufacturers, including Oncogene
Research Products (Catalog Nos. PC149, PC150, PC151 and
PC152), Santa Cruz Biotechnology (Catalog Nos. s¢-5399,
$¢c-5400, sc-7496, sc-7497, sc-7498 and sc-9129), Sigma
(Catalog Nos. A5213), Zymed (Catalog Nos. 13-0100 and
71-5800) and Pharmingen/Transduction Laboratories
(Catalog Nos. 66471G, 66481G and 66491G). However, it
is not intended that the present invention be limited to the 25
antibodies listed here, as other antibodies also find use with
the present invention. It is also not intended that the sand-
wich ELISA of the present invention be limited to any
particular sandwich ELISA method.

Furthermore, it is not intended that the present invention
be limited to the direct ELISA and sandwich ELISA proto-
cols particularly described herein, as the art knows well
numerous alternative ELISA protocols that also find use in
the present invention (See, e.g., Crowther, “Enzyme-Linked
Immunosorbent Assay (ELISA),” in Molecular Biomethods
Handbook, Rapley et al. [eds.], pp. 595-617, Humana Press,
Inc., Totowa, N.J. [1998]; and Ausubel et al. (eds.), Current
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Protocols in Molecular Biology, Ch. 11, John Wiley & Sons,
Inc., New York [1994]). Thus, any suitable ELISA method
including, but not limited to, competitive ELISAs also find
use with the present invention.

In another embodiment, the present invention provides
methods for the detection and quantitation of fA-NDA
reactive antibodies. Briefly, in some embodiments, varia-
tions of indirect ELISAs are used. In preferred
embodiments, antigen (i.e., PA-MDA) is first used to coat
the wells of a 96-well microtiter plate. The test sample is
then added to the antigen-coated wells. If the test sample
contains fA-MDA reactive antibodies, these antibodies spe-
cifically bind to the purified antigen coating the well. The
BA-MDA reactive antibodies are then visualized by the
addition of a second detection antibody, where the detection
antibody is coupled to an enzyme and is species-specific or
isotype-specific for anti-BA-MDA antibody. As with all
ELISA methods, appropriate negative and positive controls
are included in order to ensure the reliability of the assay
results.

It is contemplated that patients with Alzheimer’s disease
produce PA-MDA-reactive auto-antibodies, and an ELISA
to detect fA-MDA reactive antibodies in such samples will
find use in the diagnosis of Alzheimer’s disease. It is further
contemplated that the presence of anti-PA-4DA auto-
antibodies in a patient is diagnostic of Alzheimer’s disease.

It is also contemplated that the present invention will find
use in detection of fA-MDA reactive antibodies in various
other settings (e.g., in the screening of monoclonal hybri-
doma culture supernatants [i.e., conditioned hybridoma cul-
ture medium], ascites fluid and/or polyclonal antisera).

The present invention also provides ELISA amplification
systems. These embodiments produce at least 10-fold, and
more preferably, a 500-fold increase in sensitivity over
traditional alkaline phosphatase-based ELISAs. In one pre-
ferred embodiment of the ELISA amplification protocol,
bound alkaline phosphatase acts on an NADPH substrate,
whose reaction product initiates a secondary enzymatic
reaction resulting in a colored product. Each reaction prod-
uct from the first reaction initiates many cycles of the second
reaction in order to amplify the signal (See e.g., Bio-Rad
ELISA Amplification System, Cat. No. 19589-019).

The present invention also provides ELISA kits for the
detection of antibodies and/or antigen. In addition, in some
embodiments, the kits are customized for various applica-
tions. However, it is not intended that the kits of the present
invention be limited to any particular format or design. In
some embodiments, the Kits of the present invention include,
but are not limited to, materials for sample collection (e.g.,
spinal and/or venipuncture needles), tubes (e.g., sample
collection tubes and reagent tubes), holders, trays, racks,
dishes, plates (e.g., 96-well microtiter plates), instructions to
the kit user, solutions or other chemical reagents, and
samples to be used for standardization, and/or
normalization, as well as positive and negative controls. In
particularly preferred embodiments, reagents included in
ELISA kits specifically intended for the detection of
BA-MDA peptide or anti-BA-MDA antibodies include con-
trol BA-MDA peptide, anti-BA-MDA antibody, anti-BA-
MDA antibody-enzyme conjugate, 96-well microtiter plates
precoated with control BA-MDA peptide, suitable capture
antibody, 96-well microtiter plates precoated with a suitable
BA-MDA capture antibody, buffers (e.g., coating buffer,
blocking buffer, and distilled water), enzyme reaction sub-
strate and premixed enzyme substrate solutions.

It is contemplated that the compositions and methods of
the present invention will find use in various settings,
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including research and clinical diagnostics. For example, the
anti-BA-MDA antibody of the present invention also finds
use in studies of APP metabolism and in in situ hybridization
studies of brain tissue sections to observe Alzheimer’s
disease pathology. In addition, methods to quantitate
BA-MDA in samples find use in monitoring and/or deter-
mining the effectiveness of Alzheimer’s disease treatment,
as it is contemplated that decreasing levels of PA-MDA
peptide in a subject’s samples over time indicates the
effectiveness of an Alzheimer’s disease treatment. Uses of
the compositions and methods provided by the present
invention encompass human and non-human subjects and
samples from those subjects, and also encompass research as
well as diagnostic applications. Thus, it is not intended that
the present invention be limited to any particular subject
and/or application setting.

EXPERIMENTAL

The following examples are provided in order to demon-
strate and further illustrate certain preferred embodiments
and aspects of the present invention and are not to be
construed as limiting the scope thereof.

In the experimental disclosure which follows, the follow-
ing abbreviations apply: © C. (degrees Centigrade); cm
(centimeters); g (grams); 1 or L (liters); ug (micrograms); ul
(microliters); um (micrometers); uM (micromolar); umol
(micromoles); mg (milligrams); ml (milliliters); mm
(millimeters); mM (millimolar); mmol (millimoles); M
(molar); mol (moles); ng (nanograms); nm (nanometers);
nmol (nanomoles); N (normal); pmol (picomoles); Aldrich
(Sigma/Aldrich, Milwaukee, Wis.); Amersham (Amersham/
Pharmacia Biotech, Piscataway, N.J.); Bio-Rad (Bio-Rad
Laboratories, Hercules, Calif.), Boehringer Mannheim
(Boehringer Mannheim Corporation, Indianapolis, Ind.);
Dynex (Dynex Technologies, Inc., Chantilly, Va); Fisher
Scientific (Fisher Scientific, Pittsburgh, Pa.), GiboBRL/Life
Technologies (GibcoBRL/Life Technologies, Gaithersburg,
Md.), Oncogene Research Products (Oncogene Research
Products, Cambridge, Mass.); Pharmingen/Transduction
Laboratories (Pharmingen/Transduction Laboratories/
Becton Dickinson Company, San Diego, Calif.); Pierce
Chemical Company (Pierce Chemical Company, Rockford,
I11.); Promega (Promega Corporation, Madison, Wis.); Santa
Cruz Biotechnology (Santa Cruz Biotechnology, Inc., Santa
Cruz, Calif.); Sigma (Sigma Chemical Co., St. Louis, Mo.);
and Zymed (Zymed Laboratories, Inc., South San Francisco,
Calif.).

Brain tissue samples from an Alzheimer’s disease patient
and from a matched control individual (i.e., without Alzhe-
imer’s disease) were obtained from the Alzheimer’s Disease
Center at University of California, San Diego.

EXAMPLE 1

In Vitro Modification of Synthetic f-Amyloid
Fragment 1-42

f-amyloid peptide fragment 1-42 (SEQ ID NO: 1; Sigma,
Catalog No. A9810) was oxidatively modified to form a
B-amyloid peptide containing malondialdehyde adduct(s).
This modified peptide is herein called BA-MDA. A 100 ul
volume of modification buffer (88 ul bis-dimethylacetal
(Aldrich), 12 ul of 4 N HCI, 400 w4l water, incubated at 37°
C. for 30 minutes, pH to 7.4 with NaOH) was used to
dissolve 1.0 mg of the unmodified f-amyloid peptide frag-
ment. The resulting solution was incubated at 37° C. for 3
hours, followed by lyophilization to dryness. PA-MDA was
then resuspended and stored at —70° C.
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EXAMPLE 2

Generation and Purification of Polyclonal Anti-BA-
MDA Aantibodies

Antisera against the BA-MDA peptide was raised in
rabbits using standard techniques. Briefly, the BA-MDA
peptide was conjugated to keyhole limpet hemocyanin
(KLH), mixed with an equal volume of Freund’s incomplete
adjuvant, and used to immunize New Zealand white rabbits
by injection at 8-10 subcutaneous dorsal sites. Animals
received inoculation boosts at weeks 4, 6 and 8. Bleeds were
obtained and tested at weeks 8, 12 and 16 for analysis. When
antibody levels plateaued, the rabbits were exsanguinated by
cardiac puncture, and the collected sera was stored at —80°
C. until used.

Antibodies contained within the anti-BA-MDA antisera
were purified by ammonium sulfate precipitation and immu-
noaffinity purification using standard techniques. Briefly, the
anti-BA-MDA antiserum was subjected to ammonium sul-
fate precipitation by the addition of ammonium sulfate to
50% saturation. At this concentration, the IgG fraction was
precipitated, while a significant percentage of the contami-
nating proteins remained in solution. The resulting precipi-
tate was pelleted by centrifugation and washed once in 50%
saturated ammonium sulfate solution. The precipitate was
pelleted again, then resuspended and dissolved in PBS. The
solution was then dialyzed once against PBS.

The PBS solution containing the precipitated IgG fraction
was further purified using affinity chromatography. The
affinity resin used in this purification was an activated
CH-Sepharose coupled to PA-MDA peptide prepared as
described in Example 1, at a concentration of 10 mg of
peptide per 1.0 g of sepharose. The IgG fraction was loaded
onto the column and washed with 6 volumes of PBS,
followed by a second wash with 6 volumes of PBS contain-
ing 1.0 M NaCl. The PBS solution containing the precipi-
tated IgG was loaded onto the column, washed, and the
anti-BA-MDA-specific IgG fraction was eluted in 2.0 ml
fractions with 100 mM glycine, pH 2.5. Following elution,
200 gl of 1.0 M Tris pH 8.1 was added to the fractions. The
concentration of the immunoglobulin was determined using
a total protein calorimetric determination (Bio-Rad).

It is not intended that the present invention be limited to
the use of this particular protocol for the production and
purification of antibodies, as numerous protocols are avail-
able and known to those in the art (See, e.g., Sambrook et al.
(eds.), Molecular Cloning, Cold Spring Harbor Laboratory
Press [1989]; Harlow and Lane (eds.), Anfibodies: A Labo-
ratory Manual, Cold Spring Harbor Laboratory Press
[1988]; and Ausubel et al. (eds.), Current Protocols in
Molecular Biology, Ch. 11, John Wiley & Sons, Inc., New
York [1994]). The only criterion for antibody production
methods finding use with the invention is that sufficiently
purified antibody preparations be produced. As discussed
further in Example 3, any method suitable for the production
of monoclonal antibodies also finds use with the present
invention.

EXAMPLE 3

Generation of Monoclonal Anti-fA-MDA
Antibodies

For preparation of monoclonal antibodies directed toward
BA-MDA, any technique that provides for the production of
monoclonal antibodies will find use with the present inven-
tion. This Example provides but one method for the pro-
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duction of such monoclonal antibodies. However, it is not
intended that the present invention be limited to this par-
ticular method, as any method suitable for the production of
anti-BA-MDA peptide antibodies will find use with the
present invention.

A) Inoculation and Recovery of Antibody-Producing Cells

The modified fA-MDA peptide fragment, or a portion
thereof, is administered as an antigen to a suitable animal
(e.g., rat, mouse or rabbit). The dosage of the antigen
administered per animal is typically be between 0.1 and 10
mg when no adjuvant is used, and between 1.0 and 100 ug
when an adjuvant is used. As an adjuvant, Freund’s com-
plete adjuvant (FCA), Freund’s incomplete adjuvant (FIA),
aluminum hydroxide adjuvant or the like are suitable for use.
Immunization is by any suitable route and immunization
schedule, as known to those in the art. Subsequently, at 1 to
10 days, preferably 3 days, after the final immunization,
antibody-producing cells (e.g., spleen, lymph nodes and
peripheral blood cells) are collected.

B) Cell Fusion and Formation of Hybridoma Cell Lines

In order to obtain hybridomas which produce the mono-
clonal antibody, cell fusions between the antibody-
producing cells described above and myeloma cells are
performed. In particularly preferred embodiments, spleen
cells harvested from the animals immunized as described
above are used. The fusion partner chosen for production of
the monoclonal antibodies is preferably a cell line which has
drug selectivity and cannot survive in HAT selective
medium (i.e., containing hypoxanthine, aminopterin and
thymidine) unless fused to antibody-producing cells. Mouse
myeloma cell lines including but not limited to,
P3X63Ag.8.U1(P3U1), Sp2/0, NS-1 and other cell lines find
use as suitable myeloma cell lines for fusion with antibody-
producing cells.

The myeloma cells and the antibody-producing cells
described above are fused using any suitable method. For
example, 1x10° cells/ml of the antibody-producing cells and
1x10% cells/ml of the myeloma cells are mixed together in
equal volumes in an animal cell culture medium such as
serum-free DMEM or RPMI-1640, and reacted in the pres-
ence of a cell fusion promoting agent. In some
embodiments, polyethylene glycol with an average molecu-
lar weight of 1,500 Da is used as the cell fusion promoting
agent. Alternatively, the antibody-producing cells and the
myeloma cells are fused in a commercial cell fusion appa-
ratus utilizing electric stimulation (e.g., electroporation).
These cells are plated in appropriate vessels and incubated
under suitable conditions, as described below.

C) Selection and Cloning of Hybridoma Lines

Following cell fusion, suitable hybridomas are selected
from the cell cultures. As a method for this selection, the
resultant cell suspension is appropriately diluted with fetal
bovine serum containing RPMI-1640 medium or the like,
and then plated on microtiter plates at a density of about
2x10° cells/well. A selective medium is added to each well,
and the cells are cultured in that selective medium. As a
result, about 14 days after the start of cultivation in the
selective medium, the growing cells develop into antibody-
producing hybridomas.

Subsequently, screening is performed in order to deter-
mine the presence of the antibody of interest in the culture
supernatant of the hybridomas. Hybridoma screening is
performed using any suitable methods. For example, a part
of the culture supernatant of a well in which a hybridoma is
grown is collected and subjected to enzyme immunoassay or
radioimmunoassay, as described herein.

The fused cell preparations are cloned using a suitable
method (e.g., the limiting dilution method or the like).
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Finally, the monoclonal antibody-producing hybridoma is
established and maintained. In preferred embodiments, ali-
quots of the monoclonal antibody producing hybridoma are
frozen and retained as stock cultures.

D) Recovery and Purification of the Monoclonal Antibody

In some embodiments of the present invention, conven-
tional cell culture methods or the abdominal dropsy forma-
tion method are employed for recovering the monoclonal
antibody from the a monoclonal antibody-producing hybri-
domas.

In the cell culture method, the hybridoma is cultured in an
animal cell culture medium such as 10% fetal bovine
serum-containing RPMI-1640 medium, MEM medium or a
serum-free medium under conventional culture conditions
(e.g., at 37° C. under 5% CO,) for 2 to 10 days. Then, the
monoclonal antibody is then harvested from the culture
supernatant, using methods known to those in the art.

In the abdominal dropsy formation method, about 1x107
cells of the hybridoma are administered into the abdominal
cavity of an animal syngeneic to the mammal from which
the myeloma cells were derived, to thereby greatly propa-
gate the hybridoma. One to two weeks thereafter, the
abdominal dropsy or serum is collected.

The antibody obtained is then purified as necessary, using
methods known in the art (e.g., protein A/protein G affinity,
ammonium sulfate salting out, ion exchange
chromatography, gel filtration, affinity chromatography, or
using these methods in combination).

The antibodies produced by this method find use in
numerous applications, including Western immunoblotting,
enzyme linked immunosorbent assays (ELISAs),
immunoprecipitation, immunoaffinity purification, and
immunohistochemistry.

EXAMPLE 4

Western Immunoblotting Using A Peptides

BA and BA-MDA peptides were analyzed by Western
immunoblotting to determine the reactivity and specificity of
the polyclonal anti-BA-MDA antibody produced according
to the method described in Example 2. This method utilized
a chemiluminescence detection protocol (ECL, Amersham)
that was performed according to the manufacturer’s instruc-
tions. The secondary antibody used for visualization was a
goat anti-rabbit IgG-horseradish peroxidase (HRPO)-
conjugated antibody (Santa Cruz).

Briefly, the protein concentrations of the synthetic PA
peptide fragment 1-42 and the modified fA-MDA peptide
(described in Example 1) were determined by a Bradford-
based protein assay (Bio-Rad). Following protein
quantitation, 1.0 ug samples of each protein were boiled for
5 minutes in Laemmli buffer. Samples were then resolved
using SDS-PAGE containing 20% polyacrylamide and elec-
troblotted onto nitrocellulose. Blots were incubated over-
night in blocking buffer (phosphate buffered saline [PBS]
containing 5% (w/v) nonfat dry milk and 0.1% Tween-20),
then incubated for 2 hours with the polyclonal anti-BA-
MDA antibody at a 1:1,000 dilution in blocking buffer.
Membranes were washed 3 times in washing buffer (PBS
containing 0.1% Tween-20) for 15 minutes each wash, then
incubated for 1 hour with horseradish peroxidase-
conjugated goat anti-rabbit IgG (Santa Cruz) diluted 1:5,000
in blocking buffer, then again washed again 3 times in
washing buffer for 15 minutes each wash. Membranes were
then incubated in chemiluminescent detection substrate
(ECL, Amersham) for 1 minute and signal was detected on
X-ray film.
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The results indicated that the anti-BA-MDA antibody
detected the BA-MDA synthetic peptide, but not an unmodi-
fied BA peptide. In addition, the preimmune control serum
showed no reactivity towards either the PA-MDA peptide
nor the unmodified BA peptide.

EXAMPLE 5

Immunoprecipitation of fA from Brain Tissue

Following the determination of the specificity of the
purified anti-BA-MDA antibody as described in Example 4,
the antibody was tested in experiments to determine whether
it was capable of detecting proteins in human brain cortex
tissue from an Alzheimer’s disease patient and a matched
control individual. Post-mortem brain tissue obtained from
an Alzheimer’s disease patient and a matched control indi-
vidual was first subjected to immunoprecipitation using a
commercially available anti-BA antibody. Western blots
were used to analyze these immunoprecipitates, as described
in Example 6.

Briefly, 100 mg of brain homogenate were combined with
3.0 ml of ice cold RIPA buffer (PBS containing 1% Nonidet
P-40 [NP-40], 0.5% sodium deoxycholate, 0.1% SDS, 0.1
mg/ml phenyl methanesulfonyl fluoride [PMSF], and 0.3
trypsin inhibitor units [TIU] aprotinin) and incubated at 4°
C. for 10 minutes. This mixture was centrifuged at 1,000xg
for 10 minutes at 4° C. The supernatant was transferred to
a fresh 15 ml conical centrifuge tube on ice. The lysate was
precleared by adding 1.0 ug of control rabbit IgG (Sigma)
together with 20 ul of suspended Protein A-Agarose beads
(Santa Cruz Biotechnologies). This mixture was incubated
at 4° C. for 30 minutes.

The Protein A-agarose beads were pelleted by centrifu-
gation at 1,000xg for 5 minutes at 4° C., and the supernatant
was removed and placed in a fresh 15 ml conical centrifuge
tube on ice. Following protein quantitation (Protein
Microassay, Bio-Rad), 500 ug of this total cellular protein
supernatant was transferred to a 1.5 ml microcentrifuge tube,
to which was added 2 ug of a commercial anti-BA antibody
(Transduction Laboratories, Affinity Research Products
Catalog No. AK6905). This mixture was incubated for 1
hour at 4° C. After this time, 20 ul of suspended Protein
A-agarose beads were added to the eppendorf tube, the tube
was capped, and incubated at 4° C. on either a rocker
platform or tube rotating device overnight.

Following this overnight incubation, the Protein
A-agarose beads were pelleted by centrifugation at 1,000xg
for 5 minutes at 4° C., and the supernatant was aspirated and
discarded. The resulting pellet was washed 4 times with 1 ml
RIPA butffer, followed each time by recentrifugation. After
the final wash, the supernatant was aspirated and discarded,
and the pellet was resuspended in 40 ul of Laemmli buffer.

EXAMPLE 6

Western Immunoblotting Analysis of Human Brain
Tissue Immunoprecipitates Using anti-BA-MDA
Antibody

Brain tissue anti-fA-MDA immunoprecipitates (prepared
as described in Example 5) were analyzed in a Western blot
using the protocol provided in Example 4. Briefly, the brain
tissue immunoprecipitates resuspended in 40 ul of Laemmli
buffer were boiled for 2-3 minutes, and 20 ul aliquots were
loaded and resolved on 20% polyacrylamide SDS-PAGE.
Unused samples were stored at -20° C.

Following electrophoresis, samples were electroblotted
onto nitrocellulose. Blots were incubated overnight in block-
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ing buffer (phosphate buffered saline [PBS] containing 5%
(w/v) nonfat dry milk and 0.1% Tween-20), then incubated
for 2 hours with the polyclonal anti-BA-MDA antibody
(prepared as described in Example 2) at a 1:1,000 dilution in
blocking buffer. Membranes were washed 3 times in wash-
ing buffer (PBS containing 0.1% Tween-20) for 15 minutes
each wash, then incubated for 1 hour with horseradish
peroxidase-conjugated goat anti-rabbit IgG (Santa Cruz)
diluted 1:5,000 in blocking buffer, then again washed again
3 times in washing buffer for 15 minutes each wash.
Membranes were then incubated in chemiluminescent detec-
tion substrate (ECL, Amersham) for 1 minute and lumines-
cence signal was detected on X-ray film.

As shown in FIG. 1, this Western blot demonstrates that
the anti-BA-MDA antibodies detect at least one and possibly
multiple proteins in the immunoprecipitate from the brain of
an Alzheimer’s disease patient (lane indicated as “AD”).
However, no proteins were detected in the brain tissue
immunoprecipitate from a disease-free control individual
(lane indicated as “CONTROL”).

The specificity of the primary and secondary antibodies
were further confirmed by an anti-f3-galactosidase antibody
immunoprecipitation of brain tissue from an Alzheimer’s
disease patient. The immunoprecipitation protocol used was
identical to that described in Example 5. This anti-p-
galactosidase immunoprecipitate was blotted and probed in
parallel with the other two samples in FIG. 1 using the same
anti-BA-MDA primary antibody and the HRPO-conjugated
secondary antibody (lane indicated as “p-GAL”). As shown
in the Figure, the anti-BA-MA primary antibody showed no
reactivity towards the anti-p-galactosidase immunoprecipi-
tate from the brain tissue of the Alzheimer’s patient.

Thus, the anti-BA-MDA polyclonal antibody produced as
described in Example 2 recognizes at least one modified
endogenous $A-MDA species present in the brain tissue of
individuals with Alzheimer’s disease, but not in the brain
tissue of unaffected individuals.

EXAMPLE 7

Covalent Conjugation of Antibody and Reporter
Enzyme

This Example describes the preparation of an antibody-
enzyme conjugate for use in immunoassay (c.g., ELISA)
methods for detection of Alzheimer’s disease.

Conjugation of enzymes to antibodies involves the for-
mation of a stable, covalent linkage between an enzyme
(e.g., HRPO or alkaline phosphatase) and the antibody (e.g,
the polyclonal anti-fA-MDA antibody, or an antibody which
recognizes the anti-BA-MDA antibody), where neither the
antigen-binding site of the antibody nor the active site of the
enzyme is functionally altered. It is not intended that the
present invention be limited to the antibody-enzyme conju-
gation method provided herein, as other methods also find
use with the present invention, as known to one skilled in the
art.

A detailed method for the synthesis of an HRPO-
conjugated antibody of the present invention is provided
herein. A purified antibody (e.g., a polyclonal or monoclonal
anti-BA-MDA antibody) solution is dialyzed against 100
mM phosphate buffer (50 mM NaH,PO,, 50 mM Na,HPO,,
pH 6.8) overnight at 4° C., at an antibody concentration of
at least 1.0 mg/ml. A 10 mg/ml solution of HRPO enzyme
(Type VI, Sigma No. P8375) is prepared in carbonate buffer
(1.36 g sodium carbonate, 7.35 g sodium bicarbonate in 1.0
liter water, pH to 9.2). Then, 250 zl of NalO,, solution (1.71
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mg NalO,/ml water, made fresh) and 250 ul of HRPO/
carbonate solution are mixed together and incubated at room
temperature for 2 hours in the dark.

Then, 1.0 ml of the dialyzed 1 mg/ml antibody solution
and 0.5 ml of the HRPO/carbonate/NalO, solution are
placed in a plugged glass wool column, 250 mg Sephadex
G-25 is added to this mixture, and incubated for 3 hours at
room temperature in the dark.

The antibody-enzyme conjugate is eluted from the col-
umn by washing with 750 ul carbonate buffer. To this eluate,
38 ul of NaBH,, solution (0.1 mM NaOH containing 5 mg/ml
NaBH,,, made fresh) is added, and the mixture is incubated
for 30 minutes at room temperature in the dark. After this 30
minute incubation, an additional 112 ul of NaBH, solution
is added, and the mixture is incubated for 60 minutes at room
temperature in the dark.

After this incubation, 900 ul of saturated (NH,).SO,
solution is added, and the mixture is incubated at 4° C. for
30 minutes, followed by centrifugation at 10,000xg at 4° C.
for 15 minutes. The supernatant is discarded, and the pellet
is resuspended in 750 gl of TEN buffer (40 mM Tris, 1 mM
EDTA, 150 mM NaCl, pH 7.2).

The resuspended pellet is dialyzed against TEN buffer
overnight at 4° C. The next day, the antibody-enzyme
conjugate is removed, and bovine serum albumin (BSA)
added to a final concentration of 20 mg/ml BSA. For storage
of the antibody-enzyme conjugate, an equal volume of
glycerol is added, and the mixture is placed at —20° C.

EXAMPLE 8

Enzyme-Linked Immunosorbent Assay (ELISA)

This Example describes experiments useful for the detec-
tion and/or quantitation of the levels of BA-MDA peptide in
various samples (e.g., samples obtained from patients, as
well as research samples). In these experiments, the anti-
BA-NMDA antibody (prepared as described in Example 2)
is used.

A. Direct ELISA Method

As discussed previously, in some embodiments, the direct
ELISA method typically involves binding an antigen (e.g.,
the BA-MDA peptide) directly to microtiter wells, binding of
an antigen-specific antibody-enzyme conjugate to the immo-
bilized antigen, followed by detection of that antibody-
enzyme conjugate by either colorimetric or fluorometric
detection of the enzyme reaction product. Numerous varia-
tions of the direct ELISA protocol are known in the art. This
Example provides one protocol suitable for use in the
present invention.

Briefly, positive control antigen, a negative control
antigen, and experimental samples are diluted in coating
buffer (64 mM Na,CO5, 136 mM NaHCO,, pH 9.6) to a
concentration of =10 ug/ml. In experiments utilizing a pure
antigen solution for the coating step, the concentration used
is <2 pg/ml. However, in preferred embodiments, a single
optimum concentration, or range of concentrations, of the
positive control antigen is determined empirically. First, 50
4l of coating buffer is added to the wells of a suitable 96-well
polyvinyl or polystyrene microtiter plate (e.g., Immulon 2™
or Immulon 4™ microtiter plates, Dynex Technologies,
Catalog Nos. 011-010-3450 and 011-010-3850,
respectively) and tapped to ensure that the solution is evenly
distributed in the well. Then, 100 ul of positive control
antigen, negative control antigen or experimental sample are
added to the appropriate wells. Serial dilutions of the control
antigens and/or experimental samples are then made within
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the rows of the plate. For each sample, 8-10 two-fold or
three-fold serial dilutions are made, in order to ensure that
at least one of the subsequent absorbance values is within the
linear range of the assay. A standard dilution series for the
control antigen ranges from 0.1 to 1000 ng/ml. Duplicate or
triplicate 96-well plates are used in order to ensure repro-
ducibility. The plates are covered and incubated overnight at
room temperature or for 2 hours at 37° C.

Following incubation, the antigen solutions in the micro-
titer plate wells are decanted, and the wells are rinsed three
times with distilled water. Then, 200 ul of blocking buffer
(phosphate buffered saline [PBS] containing 1 mM EDTA,
0.05% (w/v) Tween-20, 0.25% (v/v) bovine serum albumin
[BSA], and 0.05% (w/v) sodium azide [NaN,]) are added to
each well. However, in experiments utilizing an HRPO-
conjugated antibody in the ELISA detection step, sodium
azide is not used in this or any subsequent buffer. The plates
containing blocking buffer are incubated at room tempera-
ture for 30-60 minutes. The blocking buffer is decanted, and
50 ul of fresh blocking buffer is added to each well. Then,
100 ul of diluted antibody-enzyme conjugate (diluted in
blocking buffer) is added to each well. An appropriate
dilution of the antibody-enzyme conjugate must be empiri-
cally determined, however, a dilution 1:100 is commonly
used, resulting in a concentration of antibody-enzyme con-
jugate between 25-400 ng/ml. However, in some
embodiments, other concentrations are used. The plates are
covered and incubated under conditions determined to be
optimal for the test system (e.g., 30—60 minutes at 37° C.).

Following the incubation, the wells are decanted, then
washed three times with distilled water. Each well is then
filled with blocking buffer, incubated for 10 minutes at room
temperature, then washed 3 more times with distilled water.
The wells are then decanted, inverted and patted dry.

Following the wash steps, 50-75 ul of the appropriate
enzyme substrate (in blocking buffer) are added to each well
on the plate and incubated for approximately 1 hour at room
temperature. When using alkaline phosphatase systems,
either 4-methylumbelliferyl phosphate (MUP) or
p-nitrophenyl phosphate (NPP) substrate solutions are used
to achieve either fluorescence or color development, respec-
tively (MUP substrate solution: 0.2 mM MUP [Sigma Cata-
log No. M8883], 50 mM Na,CO, 0.05 mM MgCl,, store at
room temperature; NPP substrate solution: 3 mM NPP
[Sigma Catalog No. 104-0], 50 mM Na,CO;, 0.05 mM
MgClL,, store at 4° C.). Premade substrate solutions are
commercially available (e.g., Bio-Rad ELISA Soluble Sub-
strate Systems, Catalog Nos. 172-1063, 1064, 1066, 1067
and 1068). To assay low levels of enzyme activity, the plate
is incubated for several hours with the appropriate substrate
solution. The enzymatic reactions on the plate are stopped
by adding 25 ul of 500 mM NaOH to the wells.

The enzymatic reaction in each well is monitored and/or
quantitated visually or in an appropriate microtiter plate
reader (e.g., Bio-Rad Benchmark Microplate Reader, Cata-
log No. 170-6850). For example, hydrolysis of the NPP
substrate by alkaline phosphatase results in the appearance
of a yellow reaction product, which is monitored by absor-
bance at a 405 nm wavelength. Hydrolysis of the MUP
substrate results in visible illumination with use of a long
wavelength UV lamp, and is quantitated in a microtiter plate
spectrofluorometer using a 365 nm wavelength excitation
filter and a 450 nm wavelength emission filter (See, e.g.,
Dynex Technologies, MFX™ Microplate Fluorometer). The
absorbance versus the known antigen concentrations are
plotted, and a standard curve that reads within the linear
range of the spectrophotometer or spectrofluorometer is

10

15

20

25

30

35

40

45

50

55

60

65

28

prepared. To determine the antigen concentration of the
experimental samples, the absorbance of the experimental
samples is compared to the absorbance values of the stan-
dard curve.

In view of numerous alternative protocols for a direct
ELISA known in the art, it is not intended that the direct
ELISA of the present invention be limited to this or any
particular direct ELISA method.

B. Sandwich ELISA Method

In one embodiment of the present invention, the sandwich
ELISA method involves first binding a “capture antibody”
which recognizes the antigen of interest (i.e., the PA-MDA
peptide) to the wells of a microtiter plate. Samples contain-
ing control concentrations of antigen or experimental
samples are then added to the wells containing antibody,
where the antigen binds to the antibody present in the wells.
After a washing step, a second antibody specific for the
antigen and containing a conjugated enzyme is added to the
wells, where it specifically binds the bound antigen. After a
washing step, the amount of second antibody, and thus the
amount of antigen in the well, is quantitated by measuring
activity of the conjugated enzyme. As in the direct ELISA,
the amount of antigen in an experimental sample (e.g., the
amount of BA-MDA peptide in a blood or CSF sample) is
proportional to the color or fluorescence intensity in the
well, and is quantitated by comparing the color or fluores-
cence value to the values for known concentrations of the
antigen in the same assay (i.c., a standard concentration
curve).

The anti-BA-MDA antibody (e.g., the antibody produced
according to Example 2) is suitable for use as both the
capture antibody, as well as the conjugated detection anti-
body. However, commercially available antibodies
(including, for example, antibodies from Oncogene
Research Products [ Catalog numbers PC149, PC150, PC151
and PC152], Santa Cruz Biotechnology [Catalog numbers
$¢c-5399, s¢-5400, sc-7496, sc-7497, sc-7498 and sc-9129],
Sigma [Catalog number A5213], Zymed [Catalog numbers
13-0100 and 71-5800] and Pharmingen [Catalog numbers
66471G, 66481G and 66491G]) capable of recognizing the
unmodified form of the BA peptide are also suitable for use
as the capture antibody.

A sandwich ELISA protocol suitable for use with the
present invention is provided below. A purified fA-specific
antibody (the “capture antibody™) is diluted to a concentra-
tion of 0.2 to 10 wg/ml in PBSN (PBS containing 0.05%
sodium azide [NaN;]). However, in experiments using
HRPO-conjugated antibody, sodium azide is not used in this
or any subsequent steps. The wells of a 96-well microtiter
plate are coated with the capture antibody by dispensing 50
4l aliquots of the antibody to the wells. Simultaneously,
duplicate or triplicate plates are made and analyzed in
parallel to ensure reproducibility. The plate is tapped or
shaken to ensure that the antibody solution is evenly dis-
tributed over the bottom of each well. The plates are covered
and incubated overnight at room temperature or for 2 hours
at 37° C.

Following incubation, the antibody-containing solution in
the plate wells is decanted. The wells are rinsed a total of
three times with distilled water. After washing, each well is
filled with blocking buffer (PBS containing 0.05% (w/v)
Tween-20, 0.25% (w/v) bovine serum albumin [BSA], 1
mM EDTA and 0.05% (w/v) sodium azide [NaN,]) and
incubated for 30 minutes at room temperature. Following
the incubation, the plate is rinsed with water three times,
inverted, shaken and patted dry.

Following the blocking step, a serial dilution of purified
antigen (e.g., the BA-MDA peptide) is made by successive
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three-fold dilutions in blocking buffer, resulting in a range of
antigen concentrations (e.g., from 0.1 to 1000 ng/ml). Serial
dilutions of the test samples are also made using blocking
buffer. Ideally, dilutions of the experimental samples result

in the samples containing between 1 and 100 ng/ml of 5
specific antigen. Then, 50 ul aliquots of the standard antigen
dilutions and the diluted experimental samples are placed in
the wells of the 96-well microtiter plate, and incubated for
at least two hours at room temperature. An antigen serving
as a negative control (e.g., an unmodified BA peptide) is also
be included.

Following incubation, the plate is rinsed three times with
distilled water, and each well is then filled with blocking
buffer and incubated for 10 minutes at room temperature.
The plate is then rinsed again three times in water, inverted,
shaken and patted dry.

Then, 50 ul of specific antibody-enzyme conjugate are
added to each well and incubated for 2 hours at room
temperature. Reagents and methods for the detection and
quantitation of the enzymatic reaction products are identical
to those described in the direct ELISA.

Numerous variations of this sandwich ELISA protocol are
suitable for use in the present invention. It is not intended
that the sandwich ELISA of the present invention be limited
to this or any particular sandwich ELISA method.
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and blood plasma samples are typically stored at 4° C. CSF
is collected using standard procedures. CSF samples
(approximately 0.1 ml) are typically stored at 4° C. These
samples are then tested using the methods described herein
(e.g., by Western blot [Example 4] and/or by ELISA
[Example 8]).

All publications and patents mentioned in the above
specification are herein incorporated by reference. Various
modifications and variations of the described method and
system of the invention will be apparent to those skilled in
the art without departing from the scope and spirit of the
invention. Although the invention has been described in
connection with specific preferred embodiments, it should
be understood that the invention as claimed should not be
unduly limited to such specific embodiments. Indeed, vari-
ous modifications of the described modes for carrying out
the invention which are obvious to those skilled in
immunology, cell biology, neuroscience, medicine,
chemistry, and molecular biology or related fields are
intended to be within the scope of the following claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 1
<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 1

LENGTH: 42

TYPE: PRT

ORGANISM: Artificial Sequence
FEATURE :

<400> SEQUENCE: 1

OTHER INFORMATION: Description of Artificial Segquence:

Synthetic

Asp Ala Glu Phe Arg His Asp Ser Gly Tyr Glu Val His His Gln Lys

1 5 10

15

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

20 25 30
Gly Leu Met Val Gly Gly Val Val Ile Ala
35 40
EXAMPLE 9 ‘What is claimed is:
50 1. A method for detecting at least one modified -amyloid

Analysis of BPA-MDA from Blood and
Cerebrospinal Fluid

As discussed above, endogenous unmodified fA is found
in blood and cerebrospinal fluid (CSF). This Example
describes methods to detect BA-MDA in the blood, serous
fluid and CSF of a subject. The quantity of BA-MDA present
in the samples is indicative of the severity of Alzheimer’s
disease, and is predictive for disease outcome (prognosis). In
addition, by periodically testing the level of fA-MDA in the
blood, serous fluid or CSF of a patient being treated for
Alzheimer’s disease, the efficacy of a particular treatment
regime is monitored.

Blood samples (approximately 0.1 ml) are collected in
standard clinical collection tubes containing an
anticoagulant, such as heparin or EDTA. Blood plasma is
separated by centrifugation at 1,000xg for 10 minutes at 4°
C. within 30 minutes following sample collection. The blood

60

peptide comprising at least one malondialdehyde adduct,
comprising the steps of:

a) providing:

1) a sample suspected of containing at least one modi-
fied -amyloid peptide comprising at least one mal-
ondialdehyde adduct, and

ii) a purified antibody directed against a modified
B-amyloid peptide comprising at least one malondi-
aldehyde adduct;

b) contacting said sample with said antibody under con-
ditions such that said antibody binds to said modified
B-amyloid peptide comprising at least one malondial-
dehyde adduct, to form an antigen-antibody complex;
and

¢) detecting the presence of said antigen-antibody com-

lex.

2. The method of claim 1, wherein said sample is selected

from the group consisting of blood, plasma, serum, serous
fluid, and cerebrospinal fluid.
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3. The method of claim 1, wherein said sample is from a
subject.

4. The method of claim 3, wherein said subject is a
human.

5. The method of claim 3, wherein said subject is selected
from the group consisting of subjects displaying pathology
resulting from Alzheimer’s disease, subjects suspected of
displaying pathology resulting from Alzheimer’s disease,
and subjects at risk of displaying pathology resulting from
Alzheimer’s disease.

6. The method of claim 1, wherein said method comprises
an enzyme-linked immunosorbent assay.

7. The method of claim 6, wherein said enzyme-linked
immunosorbent assay is selected from the group consisting
of direct enzyme-linked immunosorbent assays, indirect
enzyme-linked immunosorbent assays, direct sandwich
enzyme-linked immunosorbent assays, indirect sandwich
enzyme-linked immunosorbent assays, and competitive
enzyme-linked immunosorbent assays.

8. The method of claim 1, wherein said antibody further
comprises a conjugated enzyme, wherein said conjugated
enzyme is selected from the group of enzymes consisting of
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horseradish peroxidases, alkaline phosphatases, ureases,
glucoamylases, and [3-galactosidases.

9. The method of claim 6, further comprising the step of
quantitating said at least one modified P-amyloid peptide
comprising at least one malondialdehyde adduct in said
sample.

10. The method of claim 6, wherein said enzyme-linked
immunosorbent assay further comprises an alkaline phos-
phatase amplification system.

11. The method of claim 6, further providing at least one
capture antibody.

12. The method of claim 6, further providing at least one
detection antibody wherein said detection antibody is
directed against said antibody directed against said modified
B-amyloid peptide comprising at least one malondialdehyde
adduct.

13. The method of claim 12, wherein said detection
antibody further comprises a conjugated enzyme selected
from the group consisting of horseradish peroxidase, alka-
line phosphatase, urease, glucoamylase and 3-galactosidase.
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