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ABNORMALITIES OF PHOSPHATASE 2A
(PP2A) FOR DIAGNOSIS AND TREATMENT
OF ALZHEIMER’S DISEASE

FIELD OF THE INVENTION

[0001] This invention relates to methods of diagnosing
Alzheimer’s disease. The methods are based upon newly
discovered differences in protein phosphatase 2A (PP2A)
expression or function and related molecular events in cells of
Alzheimer’s disease patients compared to control cells. The
detection of Alzheimer’s disease-specific differences of
PP2A expression and function in peripheral tissues provides
the basis for highly practical and efficient tests for the early
diagnosis of Alzheimer’s disease, and for therapeutic drug
development.

BACKGROUND

[0002] Dysfunction of protein phosphorylation, particu-
larly that due to an impaired phosphatase pathway, has been
implicated in the molecular pathology of Alzheimer’s disease
(AD). One of the major examples of such abnormality is
hyperphosphorylation of the microtubule-associated tau pro-
tein that constitutes neurofibrillary tangles (NFT), which rep-
resents one of the most prominent lesions in the brain of
Alzheimer’s disease (Cummings et al., 1998; Jellinger and
Bancher, 1998). In a normal neuron, tau binds to tubulin and
thereby participates in microtubule assembly. Phosphoryla-
tion of tau reduces the microtubule binding leading to desta-
bilization of the neuronal cytoskeleton (Lee, 1995; Billings-
key and Kincaid, 1997). When tau is hyperphosphorylated, it
loses the ability to bind microtubules and is believed to self-
assemble into paired helical filaments (PHF), an indication of
aberrant cytoskeletal protein processes (Lee, 1995; Billings-
ley and Kincaid, 1997; Saito et al., 1995; Mandelkow et al.,
1995).

[0003] In the search for mechanisms that underlie AD-
associated molecular abnormalities, much attention has been
focused on the protein kinases and phosphatases that regulate
tau phosphorylation. Several protein kinases, including gly-
cogen synthase kinase-3 (GSK-3) and mitogen-activated pro-
tein (MAP) kinase have been found to phosphorylate tau.
Normal activity of MAP kinase controls cell proliferation and
differentiation (Force and Bonventre, 1998; Roovers and
Assoian, 2000), and plays an important role in brain functions
such as learning and memory (Valijent et al., 2001; Sweatt,
2001; Zhao et al., 1999). On the other hand, abnormally
sustained MAP kinase activation can be harmful by causing
tau overphosphorylation and neuronal apoptosis (Guise et al.,
2001). Sustained activation of the extracellular signal-regu-
lated kinase (Erk), a member of the MAP kinase family, was
induced by p-amyloid in the rodent hyppocampal neurons
(Rapoport and Ferreira, 2000; Dineley et al., 2001), which in
turn caused increases in tau phosphorylation, neurite degen-
eration, and neuronal death (Rapoport and Ferreira, 2000). In
addition, prolonged Erk1/2 phosphorylation is found in AD
fibroblasts induced by bradykinin, a potent inflammation
mediator (Zhao et al., 2002), and an association between
activated Erk2 and neurofibrillary tangles has been demon-
strated in the human brain (Knowles et al., 1999).

[0004] Dysfunction of phosphatase activities can also con-
tribute critically to aberrant protein phosphorylation in AD.
Among the four major types of serine/threonine protein phos-
phatase (phosphatase-1, 2A, 2B, and 2C) in organic cells,
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phosphatase 2A (PP2A) isoforms are abundantly expressed
in the brain and targets to specific localization of intracellular
protein such as neurofilaments (Saito et al., 1995; Janssens
and Goris, 2001) and microtubule-associated proteins (Man-
delkow et al., 1995; Janssens and Goris, 2001). By binding to
and regulating phosphorylation of microtubule proteins such
as tau and MAP2, PP2A plays an important role in maintain-
ing microtubule stability (Mandelkow et al., 1995). In addi-
tion, PP2A has been shown to dephosphorylate specific sites
of hyperphosphorylated tau in vitro and in vivo (Goedert et
al., 1992; Wang et al., 1995; Gong et al., 2000; Planel et al.,
2001). For example, it dephosphorylates hyperphosphory-
lated tau in the already formed PHFs, resulting in dephospho-
rylated tau detached from PHFs that become accessible to
proteolysis (Wang et al., 1995). A healthy PP2A system is not
only essential for maintenance of cytoskeletal stability in
normal cells, but is also vital for correcting abnormally
enhanced protein phosphorylation under pathological condi-
tions such as cellular stress and high calcium toxicity. In the
final stage of AD, PP2A gene expression and activity are
markedly reduced (Gong et al., 1995; Vogelsberg-Ragaglia et
al., 2001). In another study, expression of a mutant form of
PP2A in mouse brain caused a marked decrease in PP2A
activity and induced AD-like hyperphosphorylation of tau at
specific serine/threonine residues (Kins et al., 2001).

[0005] PP2A has been found to be responsible for inactiva-
tion of MAP kinase in several types of cells (Alessi et al.,
1995; Braconi Quintaje et al., 1996; Chung and Brautigan,
1999), indicating that PP2A may act as a negative regulator of
Erk2 activity. Recent studies showed that the inactivation of
MARP kinase by PP2A was specifically regulated by the R2/B
regulatory subunit of PP2A (Silverstein et al., 2002). We have
previously shown that a bradykinin-stimulated Erk1/2 phos-
phorylation is abnormally prolonged in AD cells (Zhao et al.,
2002).

[0006] A prominent pathological hallmark in the brain of
relatively early stages of Alzheimer’s disease (AD) is the
intraneurofibrillary lesions referred to as neurofibrillary
tangles (NFTs). In AD, 95% of NFT lesions are formed from
paired helical filaments (PHFs). The major component of
PHFs is hyperphosphorylated microtubule-associated pro-
tein tau, which causes instability of cytoskeletal proteins.
Phosphatase 2A (PP2A) is the major enzyme responsible for
dephosphorylation of tau. By regulating dephosphorylation
of tau, PP2A participates in maintenance of normal microtu-
bule stability in normal cells and reduces aberrantly phospho-
rylated tau in already formed PHFs in pathological condi-
tions. PP2A is also one of the two phosphatases that
dephosphorylate Erk1/2, a member of the MAP kinase fam-
ily. By timely dephosphorylation of Erk1/2 after mitogenic or
inflammatory stimulations, PP2A plays a primary role in
protecting cells from apoptosis.

[0007] The present invention is based, in part, on the find-
ings that impaired PP2A function is implicated as one of the
molecular mechanisms underlying AD pathogenesis.
Because direct access to neurons in the brains of living human
beings is impossible, early diagnosis of AD is extremely
difficult. By testing AD-specific abnormalities of PP2A and
related molecular events, including Erk1/2 phosphorylation
and distribution in skin cells of AD patients, the present
invention is directed, in certain embodiments, to highly prac-
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tical and efficient tests for early diagnosis of AD as well as
diagnostic test kits and methods for therapeutic drug devel-
opment.

SUMMARY OF THE INVENTION

[0008] In one embodiment, the present invention provides
methods for the diagnosis of Alzheimer’s disease using
human cells. The invention is based upon the discovery by the
inventors of differences in PP2A expression and function and
related molecular events in Alzheimer’s disease cells com-
pared to control cells. It is contemplated that any or all of the
diagnostic methods of the present invention may be used in
combination with any or all of the diagnostic methods
described in WO 02/067764, which is herein incorporated by
reference in its entirety. In one embodiment, the methods of
diagnosing Alzheimer’s disease based on abnormally
enhanced phosphorylation of extracellular signal-regulated
kinase type 1 or 2 (Erk1/2) after stimulation with an agent
such as bradykinin, and the related methods of diagnosing
Alzheimer’s disease described in WO 02/067764, are used in
any combination with the methods for diagnosing Alzhe-
imer’s disease disclosed herein.

[0009] The present invention provides a number of criteria
relating to PP2A which improve the specificity and efficiency
of diagnostic tests for the detection of Alzheimer’s disease.
Detection of Alzheimer’s disease-specific differences of
PP2A function in peripheral tissues also provides a biochemi-
cal basis for identifying therapeutic targets for drug develop-
ment for the treatment of Alzheimer’s disease.

[0010] 1In one aspect, the invention relates to a method of
diagnosing Alzheimer’s disease by detecting differences in
the levels of PP2A gene expression in Alzheimer’s disease
cells compared to control cells. This embodiment is based
upon the discovery by the inventors that fibroblasts from
patients of both familial and sporadic AD present signifi-
cantly higher basal levels of PP2A gene expression compared
1o normal cells from age-matched individuals. Preferably,
detection of PP2A gene expression is performed using
reverse transcription quantitative polymerase chain reaction.
In a preferred embodiment, mRNA encoding PP2A is quan-
tified in test cells and compared to levels measured in non-
Alzheimer’s control cells.

[0011] Inanotheraspect, the invention relates to methods of
diagnosing Alzheimer’s disease by detecting differences in
PP2A gene expression in test and control cells in response to
compounds that stimulate phosphorylation of a protein such
as Erk1/2, which is part of a signal transduction cascade that
subsequently activates PP2A including gene expression of
PP2A. Lack of increased PP2A expression in stimulated cells
compared to unstimulated cells indicates the presence of
Alzheimer’s disease. Because PP2A directly dephosphory-
lates Erk1/2, Erk1/2 is a PP2A substrate. PP2A also dephos-
phorylates many other proteins. On the other hand, Erk1/2
can also be dephosphorylated by other phosphatases in addi-
tion to PP2A. However, abnormal PP2A activity and gene
expression are specifically associated with enhanced Erk1/2
phosphorylation in Alzheimer’s fibroblast cells in response to
bradykinin stimulation. In a specific embodiment the stimu-
lator agent is bradykinin. Other possible stimulator agents
include, but are not limited to, insulin, phobol esters, lyso-
phosphatidylcholine, lipopolysaccharide, anthracycline dan-
norubicin and vanadyl sulfate, which all activate MAP kinase
phosphorylation via an upstream signaling pathway. This
embodiment is based upon the discovery that normal cells
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respond to stimulation by compounds such as bradykinin by
upregulating PP2A gene expression. In contrast, this normal
response is lacking in Alzheimer’s disease cells.

[0012] Inyet another aspect, the invention relates to meth-
ods of diagnosing Alzheimer’s disease by detecting differ-
ences in PP2A protein levels and/or enzymatic activities in
Alzheimer’s disease cells compared to control cells, where a
reduction in PP2A protein levels and/or enzymatic activity
indicates the presence of Alzheimer’s disease. This embodi-
ment is based upon the discovery by the inventors that both
PP2A protein levels and PP2A enzymatic activity are signifi-
cantly reduced in Alzheimer’s disease cells compared to nor-
mal cells.

[0013] Inanotheraspect, the invention relates to methods of
diagnosing Alzheimer’s disease by assessing the response of
cells to stimulation by agents such as bradykinin in the pres-
ence ofa PP2 A inhibitor. In a specific embodiment, the PP2A
inhibitor is okadiac acid. This embodiment is based upon the
discovery that normal cells treated with bradykinin in the
presence of okadiac acid prolonged Erk1/2 phosphorylation,
which is otherwise returned to a basal level by about 10
minutes after bradykinin stimulation. This normal response is
absent in Alzheimer’s disease cells.

[0014] Inanotheraspect, the invention relates to methods of
diagnosing Alzheimer’s disease in a subject by assessing the
subcellular distribution of phosphorylated Erk1/2 in cells.
This embodiment is based upon the discovery that phospho-
rylated Erk1/2 is concentrated in the nucleus of normal cells,
but in Alzheimer’s disease cells, phosphorylated Erkl/2 is
distributed in the extranuclear area (i.e. the cytosolic com-
partment).

[0015] The methods described herein can be used alone or
in any combination as highly specific and efficient tests for
diagnosing Alzheimer’s disease.

[0016] Inyeta further aspect, thisinvention relates to meth-
ods of screening therapeutic substances for the treatment or
prevention of Alzheimer’s disease using the tests described
herein. The screening methods are based on the discoveries
made by the inventors of Alzheimer’s disease-associated
abnormalities in PP2A and related molecular events as further
described herein.

[0017] This invention also relates to kits comprising prod-
ucts useful for carrying out the diagnostic methods of the
invention.

[0018] The diagnostic methods and methods for treating
Alzheimer’s disease of the present invention are based on the
following observations made for the first time by the inven-
tors.

[0019] Fibroblasts from patients of both familial and spo-
radic AD present significantly high basal levels of PP2A gene
expression compared to normal cells from age-matched indi-
viduals.

[0020] Normal age-matched control (AC) cells respond to
BK stimulation with upregulation of PP2A gene expression.
This normal response is lacking in AD cells.

[0021] Both PP2A protein levels and enzymatic activities
in AD cells are significantly reduced compared to AC cells.
[0022] Treatment of AC cells with BK in the presence of
okadiac acid (OA), a PP2A inhibitor, prolonged Erk1/2 phos-
phorylation, which is otherwise returned to a basal level by
about 10 min after BK stimulation. Because the BK-stimu-
lated Erk1/2 phosphorylation is sustained in AD cells due to
inhibition of the normal dephosphorylation mechanism,
application of OA has no additional effect on the extent of
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Erk1/2 phosphorylation. Thus, the ratio of +OA/-OA Erk1/2
phosphorylation in AC cells is significantly greater than that
in AD cells.

[0023] When Erk1/2 is phosphorylated in AC cells it is
concentrated in the nucleus, but in AD cells phosphorylated
Erk1/2 is distributed in the extranuclear area.

[0024] All of the differences cited above between AC and
AD cells form the basis for the clinical tests and diagnostic
kits for Alzheimer’s disease diagnosis, as well as the methods
of screening compounds for treatment or prevention of Alzhe-
imer’s disease disclosed herein.

[0025] 1In a preferred embodiment of the invention, human
skin fibroblasts are used in the tests and diagnostic assays of
the invention, but blood cells might also be used. In one
embodiment, cells from the same individual can be cultured
in several flasks for pharmacological treatment.

[0026] Inoneembodiment, PP2A gene expression is exam-
ined with reverse transcription quantitative PCR (RVQ-PCR)
using a Tagman® real-time PCR device with either a 384- or
96-well microplate. In certain embodiments, a reference gene
that is abundantly expressed in the eukaryotic cell such as
GAPDH is simultaneously amplified and used for normaliza-
tion.

[0027] Inoneembodiment, PP2A protein levels and Erk1/2
phosphorylation are examined by Western blotting or ELISA.
[0028] Inone embodiment, nuclear translocation of Erk1/2
is measured. Cells are stimulated by BK and the nuclear
distribution of activated Erk1/2 is examined by either immu-
nocytochemistry, or by determining a test ratio of phospho-
Erk1/2 between the nucleus and the cytosol.

[0029] The serine/threonine phosphatase 2A (PP2A) has
been implicated in the pathogenesis of Alzheimer’s disease
(AD) due to its important role in regulating dephosphoryla-
tion of microtubule-associated protein tau and mitogen-acti-
vated protein (MAP) kinase. The inventors have found that
PP2A is responsible for dephosphorylation of the extracellu-
lar signal-regulated kinase 1/2 (Erk1/2) following its activa-
tion by BK stimulation. The inventors have also found that
abnormal gene and protein expression of PP2A, as well as
abnormal PP2A activity, contribute to the abnormally pro-
longed Erk1/2 phosphorylation in AD fibroblasts. Inhibition
of PP2A with okadiac acid produces enhanced and more
lasting Erk1/2 phosphorylation after BK stimulation,
whereas FK506, an inhibitor of PP2B and FK-binding pro-
tein, inhibits the BK-stimulated Erk1/2 phosphorylation. Fur-
thermore, while the phosphorylated Erk1/2 is concentrated in
the nucleus of AC cells, it is mainly distributed in the extra-
nuclear compartments of AD cells. The inventors have found
that the delayed dephosphorylation of Erk1/2 in AD cells
following its BK-stimulated activation is due to deficits of
PP2A activity and impaired nuclear translocation of phos-
phorylated Erk1/2.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1A-1D: Detection of PP2A and GAPDH gene
expression via RTQ-PCR: Total RNA from the human fibro-
blast culture was extracted and the first-strand cDNA was
generated as described herein. Linear plots for PP2A and
GAPDH standard curves are presented in FIG. 1A and FIG.
1B. FIG. 1C shows the disassociation curve plots for different
melting temperatures of PP2A and GAPDH. In FIG. 1D, the
final PCR products of PP2A and GAPDH with expected
sequence sizes are revealed on a TBE gel (lanes 2 and 4). No
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PCR products were amplified from samples that underwent
reverse transcription in the absence of reverse transcriptase
(lanes 1 and 3).

[0031] FIG. 2A-2B: Quantification of PP2A gene expres-
sion by RTQ-PCR: During real-time PCR, levels of PP2A and
GAPDH mRNA were automatically calculated by the instru-
ment based on the standard curve for each gene simulta-
neously performed on the same PCR run. The ratios of PP2A
mRNA levels over GAPDH levels from each AC and AD cell
line were calculated and presented in FIG. 2A. Statistical
analysis using a t test indicates a significant difference in
PP2A mRNA levels between AC and AD cells (P<0.01).
When treated with 10 nM BK for about 10 min, an upregu-
lation of PP2A mRNA was observed in AC butnot in AD cells
(FIG. 2B). A t test indicates significant treatment effects
between AC and AD cells (¥*P=0.016).

[0032] FIG. 3A-3B: PP2A protein levels and enzymatic
activities in AC and AD fibroblasts: Cell lysates from AC and
AD cells were prepared as described herein. In FIG. 3A, the
same sample volume from eight AC and eight AD cell lines,
after being treated with SDS-sample buffer, was respectively
resolved on SDS-PAGE. The PP2A expression levels from
each sample were measured on Western blots with an anti-
PP2A antibody. Immunoreactive signals of PP2A revealed
with ECL were subjected to densitometry scan and quantified
with UN-SCAN-IT software. The immunoreactive signals
for annexin II from the same samples were used for normal-
ization of the PP2A signals. A significant difference in PP2A
protein levels was shown between AC and AD cells (P<0.01,
ttest). FIG. 3B shows that PP2A activities in AD cells were
significantly reduced compared to those in AC cells (*P<O0.
001).

[0033] FIG. 4: Effects of okadiac acid (OA) on BK-stimu-
lated MAP kinase phosphorylation: AC cells were treated
withabout 10 nM BK for about 5 min and about 10 min in the
presence orabsence ofabout 10 nM OA. The resulting Erk1/2
phosphorylation was examined on Western blots. Levels of
Erk1/2 phosphorylation were normalized with those of the
regular (total amount) Erk1/2. The top panel shows a repre-
sentative result from Western blots. The bar graph in the lower
panel summarizes results from five different AD cells.
(**P<0.001). BK. bradykinin; OA, okadiac acid; P-Frk1/2,
phospho-Erk1/2.

[0034] FIG. 5A-5B: Comparison of the effects of OA and
FK506 on BK-increased Erk1/2 phosphorylation in AC and
AD cells: AC and AD cells were treated with about 10 nM BK
for about 10 min in the presence or absence of about 10 nm
OA or about 20 nM FK506. The resulting Erk1/2 phospho-
rylation under each condition from each cell line was mea-
sured as described herein. FIG. 5A shows representative
Western blot results on the left panel and a bar graph on the
right summarizing results from nine AC and nine AD cell
lines. In FIG. 5B, ratios of the BK-stimulated Erk1/2 phos-
phorylation in the presence of OA or FK605 were calculated
against those in the absence of OA or FK506, and compared
between AC and AD cells. There is a significant difference in
these ratios between AC and AD cells. BK, bradykinin; OA,
okadiac acid; P-Erk1/2, phospho-Erk1/2, regular Erk1/2.
[0035] FIG. 6A-6B: Immunocytochemical staining: (FIG.
6A) AC and AD cells treated with about 10 aM BK for about
5 min or about 10 min. In a different flask, cells were prein-
cubated with about 10 nM OA for about 15 min prior to an
approximately 10-min BK treatment. After termination of the
reaction, phosphorylation of Frk1/2 was detected by immu-
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nocytochemical staining using an anti-phospho-Erk antibody
as described herein. The arrows in the enlarged images point
at increased Erk1/2 phosphorylation. (FIG. 6B) AC and AD
cells were treated in about 10 nM BK in the presence or
absence of about 10 nM OK. Cells were then subjected to
double immunofluorescent staining simultaneously with a
mouse anti-phospho-Erk1/2 and a rabbit anti-regular Erk1/2
antibody. This was followed by staining with a fluorescein-
labeled anti-mouse (green) and a Texas red-labeled (red) anti-
rabbit secondary antibody. BK, bradykinin; OA, okadiac
acid; P-Erk1/2, phospho-Erk1/2; r-Erk1/2, regular Erk1/2.

DETAILED DESCRIPTION OF THE INVENTION

[0036] Thepresentinvention relates to methods of diagnos-
ing Alzheimer’s disease in human cells based upon the dis-
covery of specific abnormalities of PP2A expression, func-
tion and related biochemical events in Alzheimer’s disease
fibroblast cells. Sustained Erk1/2 phosphorylation induced
by bradykinin was previously found in Alzheimer’s disease
fibroblasts and is the subject of WO 02/067764, which is
herein incorporated by reference in its entirety. Because
direct access to neurons in the brains of living human beings
is impossible, early diagnosis of Alzheimer’s disease is
extremely difficult. By testing Alzheimer’s disease-specific
abnormalities of PP2A and related molecular events, includ-
ing Erkl1/2 phosphorylation and distribution in peripheral
cells of Alzheimer’s disease patents, the present invention
provides highly practical, sensitive, and efficient tests for
early diagnosis of Alzheimer’s disease. In addition, the
Alzheimer’s disease-specific differences described herein
provide a basis for identifying therapeutic targets for drug
development.

[0037] The present invention uses the following criteria as
the bases for a number of diagnostic tests to assess Alzhe-
imer’s disease in human peripheral cells: 1) PP2A expression
at the gene level with or without treatment of agents that
stimulate phosphorylation of PP2A substrates; 2) PP2A
expression at the protein level and PP2A enzymatic activity,
with or without treatment of agents that stimulate phospho-
rylation of PP2 A substrates; 3) the effect of agents that inhibit
PP2A function on the extent of substrate phosphorylation;
and 4) differences in subcellular distribution (or transloca-
tion) of phosphorylated Erk1/2, a PP2A substrate, between
control cells and Alzheimer’s disease cells. Each of the tests
described below may be used alone, or in any combination to
provide additional specificity.

Methods of Evaluating Basal PP2A Gene Expression

[0038] In one embodiment, the invention relates to a
method of diagnosing Alzheimer’s disease in an individual by
obtaining a cell sample from an individual and detecting the
basal level of PP2A gene expression in the cell sample. This
embodiment is based upon the discovery by the inventors that
fibroblasts from patients of both familial and sporadic Alzhe-
imer’s disease present significantly higher basal levels of
PP2A gene expression compared to non-Alzheimer’s disease
cells from age-matched individuals. Therefore, a higher basal
level of PP2A indicates the presence of Alzheimer’s disease.
In one embodiment, mRNA levels encoding PP2A in test
cells is quantified and compared to mRNA levels encoding
PP2A in control cells.

[0039] In the methods of the invention, the cells that are
taken from the individual or patient can be any viable cells.
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Preferably, they are skin fibroblasts, but any other peripheral
tissue cell (i.e. outside of the central nervous system) may be
used in the tests of this invention if such cells are more
convenient to obtain or process. Other suitable cells include,
but are not limited to, blood cells such as erythrocytes and
lymphocytes, buccal mucosal cells, nerve cells such as olfac-
tory neurons, cerebrospinal fluid, urine and any other periph-
eral cell type. In addition, the cells used for purposes of
comparison do not necessarily have to be from healthy
donors.

[0040] Thecells may be fresh or may be cultured (see, U.S.
Pat. No. 6,107,050, which is herein incorporated by reference
in its entirety ). In a specific embodiment, a punch skin can be
used to obtain skin fibroblasts from a subject. These fibro-
blasts are analyzed directly using the techniques described
herein or introduced into cell culture conditions. The result-
ing cultured fibroblasts are then analyzed as described in the
examples and throughout the specification. Other steps may
be required to prepare other types of cells which might be
used for analysis such as buccal mucosal cells, nerve cells
such as olfactory cells, blood cells such as erythrocytes and
lymphocytes, etc. For example, blood cells can be easily
obtained by drawing blood from peripheral veins. Cells can
then be separated by standard procedures (e.g. using a cell
sorter, centrifugation, etc.) and later analyzed.

[0041] Ina preferred embodiment, the level of PP2A gene
expression in the cell sample is measured by reverse tran-
scription quantitative polymerase chain reaction (RVQ-PCR)
using a Tagman® real-time PCR device with either a 384- or
96-well microplate. A reference gene that is abundantly
expressed in the eukaryotic cell such as GAPDH (glyceral-
dehyde-3-phosphate dehydrogenase) should also be simulta-
neously amplified and used for normalization. According to
the invention, a higher basal level of PP2A gene expression
compared to normal cells from age-matched individuals indi-
cates the presence of Alzheimer’s disease.

Methods of Evaluating Changes in PP2A Gene Expression
Following Stimulation of Cells with Agents that Stimulate
Phosphorylation of PP2A Substrates

[0042] A further embodiment of the invention relates to a
method of diagnosing Alzheimer’s disease which involves the
steps of obtaining a cell sample from a subject, contacting the
sample with an agent that stimulates phosphorylation of a
PP2A substrate and comparing the level of PP2A gene
expression in the stimulated cells to the level of PP2A gene
expression in unstimulated cells of the same type from the
individual. In a specific embodiment, the agent is bradykinin.
In this embodiment, the absence of bradykinin-induced PP2A
gene expression in stimulated cells as compared to the
unstimulated cells indicates the presence of Alzheimer’s dis-
ease. This method is based upon the discovery by the inven-
tors that control cells upregulate PP2A gene expression in
response to bradykinin stimulation; whereas, this normal
upregulation response is lacking in the cells of Alzheimer’s
patents. Other possible stimulating agents include, but are not
limited to, insulin, phobol esters, lysophosphatidylcholine,
lipopolysaccharide, anthracycline dannorubicin and vanadyl
sulfate.

[0043] Bradykinin is a potent vasoactive nonapeptide that
is generated in the course of various inflammatory conditions.
Bradykinin binds to and activates specific cell membrane
bradykinin receptor(s), thereby triggering a cascade of intra-
cellular events leading to the phosphorylation of proteins
known as “mitogen activated protein kinase” (MAPK). Phos-
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phorylation of protein, the addition of a phosphate group to a
Ser, Thr, or Tyr residue, is mediated by a large number of
enzymes known collectively as protein kinases. Phosphory-
lation normally modifies the function of, and usually acti-
vates, a protein. Homeostasis requires that phosphorylation
be a transient process, which is reversed by phosphatase
enzymes that dephosphorylate the substrate. Any aberration
in phosphorylation or dephosphorylation may disrupt bio-
chemical pathways and cellular functions. Such disruptions
may be the basis for certain brain diseases.

[0044] In another specific embodiment the bradykinin-in-
duced PP2A gene expression is preferably assessed by cal-
culating the +bradykinin/-bradykinin (BK) ratios. PP2A gene
expression from BK-stimulated and non-stimulated cells is
performed via real time RT-PCR. For internal normalization,
gene expression of a “housekeeper” gene such as GAPDH or
S18 rRNA from the same cell samples is simultaneously
performed. Concentrations of mRNA for PP2A and the
housekeeper gene are automatically calculated by the real-
time PCR apparatus according to a standard curve generated
for each gene from a serial dilution of cDNA samples. Values
representing the concentration of PP2A gene expression are
normalized against values representing the concentration of
housekeeper gene: NR=GT/GH. Where NR is normalized
gene expression; GT is the target gene (PP2A) expression
value before normalization; and GH is the gene expression
value of a housekeeper gene. Next, ratios of NG from BK+
and BK- cells are calculated by: R=NGz. /NG, . Where R
is the

+bradykinin/-bradykinin (BK) ratio; NGz, is the normal-
ized PP2A gene expression from BK+ cells; and NG is the
normalized PP2A gene expression from BK-cells.

Methods of Evaluating PP2A Protein Levels and Enzymatic
Activity

[0045] Another embodiment of the invention relates to a
method of diagnosing Alzheimer’s disease in a subject
involving the steps of obtaining a cell sample from the subject
and detecting the level of PP2A protein and/or PP2A enzy-
matic activity in the sample. This embodiment is based upon
the discovery by the inventors that both PP2A protein levels
and enzymatic activity in Alzheimer’s disease cells are sig-
nificantly reduced compared to non-Alzheimer’s disease
cells.

[0046] In a preferred embodiment, the level of PP2A pro-
tein present in cells is detected by Western blotting. Protein
levels of PP2A can be measured in fibroblasts using an anti-
PP2A antibody (Biosource). Levels of a different protein
should also preferably be measured in the same sample as a
reference protein for normalization. Examples of possible
reference proteins include, but are not limited to, annexin-I1
oractin. In another embodiment, the level of PP2A activity in
AD and AC cells is assayed according to a procedure (Pierce
Biotechnology) using p-nitrophenyl phosphate (PNPP) as the
substrate. The enzyme activity assays are carried out in a
96-well microplate. The reaction is initiated by adding about
10wl of each AC or AD cell lysate into about 90 pl of reaction
mixture, incubated at about 30° C. for about 15 minutes, and
measured in a BioRad microplate reader at a wavelength of
420 nM. After subtraction of values from reactions in which
about 10 1M of the PP2 A inhibitor okadiac acid is present, the
activity of PP2A is calculated according to a standard curve
produced by a series of known concentrations of purified
PP2A protein.
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[0047] Inoneembodiment, ELISA is performed according
to the following procedures: 1) Add fibroblast cell lysates
after treatment in duplicates or triplicates to a 96-well micro-
plate that is previously coated with an anti-Erk antibody. 2)
Incubate samples in microplate wells at room temperature for
about 2 hours. 3) Aspirate samples and wash wells with a
phosphate buffered saline (PBS)-based washing buffer. 4)
Add working dilution of an anti phospho-Erk1/2, or an anti-
regular Erk1/2 antibody to each well, and incubate at room
temperature for about 1 hour. 5) Aspirate and wash well with
washing buffer. 6) Add a working dilution of a secondary
antibody conjugated with horseradish peroxidase (HRP) to
each well and incubate well at room temperature for about 30
min. 7) Aspirate and wash well with washing buffer. 8) Add
stabilized Chromogen such as diaminobenzidine (DAB) and
incubate at room temperature for about 30 min. 9) Add stop
solution and measure the absorbance at 450 nm. Phosphory-
lation of Erk1/2 is assessed after normalization: NR=A/A.
Where NR=the normalized ratio; A is absorbance values for
phospho-Frk1/2; and A is absorbance for the total (regular)
Erk1/2.

Methods of Diagnosing Alzheimer’s Disease Using Agents
that Inhibit PP2A and Agents that Stimulate Phosphorylation
of a PP2A Substrate

[0048] Inyet another embodiment, the invention relates to
a method of diagnosing Alzheimer’s disease involving the
steps of obtaining a cell sample from a subject and contacting
the cells with a first agent that stimulates phosphorylation of
a PP2A substrate, in the presence of a second agent that is a
PP2A inhibitor, measuring the level of phosphorylation of the
PP2A substrate in the sample cells at a predetermined time
after initiating the contacting step, and comparing the level of
substrate phosphorylation to the level of substrate phospho-
rylation in known non-Alzheimer’s disease cells at the same
predetermined time, wherein a lack of response to the PP2A
inhibitor in the sample cells compared to the known non-
Alzheimer’s disease cells indicates the presence of Alzhe-
imer’s disease.

[0049] This embodiment is based upon the discovery by the
inventors that treatment of non-Alzheimer’s disease cells
with substances such as bradykinin in the presence ofa PP2A
inhibitor, such as okadiac acid, prolonged Erk1/2 phospho-
rylation, which is otherwise returned to a basal level after
about 10 min after bradykinin stimulation in normal cells.
This response is absent in Alzheimer’s disease cells. Because
the bradykinin-stimulated Erk1/2 phosphorylation is sus-
tained in Alzheimer’s disease cells due to inhibition of the
normal dephosphorylation mechanism, application of PP2A
inhibitors such as okadiac acid has no additional effect on the
extent of Erk1/2 phosphorylation. Thus, the ratio of +okadiac
acid/-okadiac acid Frk1/2 phosphorylation in non-Alzhe-
imer’s disease cells is significantly greater than that in Alzhe-
imer’s disease cells.

[0050] Ina preferred embodiment, a method of diagnosing
Alzheimer’s disease in a subject is disclosed wherein the
method comprises the steps of obtaining a cell sample from a
subject; contacting control cells and said cell sample with a
first agent that stimulates phosphorylation of a substrate of
PP2A (in certain embodiments, the agent is bradykinin and
the substrate of PP2A is Erk1/2), wherein the contacting is
done in the presence and the absence of a second agent that is
an inhibitor of PP2A (in certain embodiments, the second
agent is okadiac acid); measuring the level of phosphoryla-
tion of the PP2 A substrate from said control cells and said cell
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sample at a predetermined time (in preferred embodiments,
after about 5 min. or about 10 min. or about 15 min.) after
initiating the contacting step; and comparing the level of
phosphorylation of the PP2A substrate from said cell sample
in the presence and the absence of said second agent that is an
inhibitor of PP2A, wherein a lack of a significant difference
between the extent of PP2A substrate phosphorylation in the
presence and the absence of said second agent indicates the
presence of Alzheimer’s disease in the subject from whom the
cells were taken. The control cells show a statistically signifi-
cant difference in the level of phosphorylation of the PP2A
substrate in the presence and the absence of said second agent
that is an inhibitor of PP2A.

[0051] In a preferred embodiment, phosphorylation of
Erk1/2 is assayed on Western blots using an anti-phospho-
Erk1/2 antibody. Levels of the immunoreactive signals for
phosphorylated Erk1/2 are quantified via densitometric scan.
The mean density of the phospho-Erk1/2 signals are normal-
ized with the mean density of total Erk1/2 signals that are
detected from the same cell lysate samples with an anti-
regular Erk1/2 antibody on a separate Western blot. The for-
mula for normalization is: NR=D,/D. Where NR (normal-
ized ratio) represents Erk1/2 phosphorylation extent; D, is
the mean density for phospho-Erk1/2, and Dy is the mean
density for the total amount of Erk1/2 detected on a Western
blot from the same sample. Next, the ratio of NR (test ratio) in
the presence and absence of okadiac acid is calculated by the
following formula: TR=NR ,,+/NR ,,_. Where TR is the test
ratio, NR ,,, 1s the normalized ratio in the presence of OA,
and NR,,_ is the normalized ratio in absence of OA.

Methods of Measuring Distribution of Phosphorylated
Erk1/2 in Cells

[0052] Many ways to quantify the distribution of phospho-
rylated Erk1/2 are contemplated and fall within the scope of
the invention. Two preferred methods are disclosed as fol-
lows. In preferred method 1): Phosphorylation of Erk1/2 after
BK stimulation is detected with Immunocytochemistry and
signals acquired with fluorescence microscopy. The fluores-
cence intensity representing phospho-Erk1/2 signals in the
nucleus and cytosol are quantified separately with computer
software such as Metamorph or NIH Image. The ratio of
phospho Erk1/2 in the nucleus over phospho Erk1/2 in the
cytosol is calculated by: DR=PN/PC. Where DR is the distri-
bution ratio of phosphorylated Erk1/2; PN is phospho-Erk1/2
in the nucleus; and PC is phospho-Erk1/2 in the cytosol. In
preferred method 2): After BK stimulation, cells are subfrac-
tionated as the nucleic and cytosolic fractions respectively.
Phosphorylation extents of Erk1/2 from these fractions are
assayed via Western blotting or ELISA. Ratios of p-Erk1/2
from the nucleus over p-Frk1/2 from the cytosol are calcu-
lated by: DR=D,,/Dy.. Where DR is the distribution ratio;
D,,,is the mean densitometric value of phospho-Erk1/2 from
the nucleus; and Dy is the mean densitometric value of
phospho-Erk1/2 from the cytosol.

[0053] Ina further embodiment, the present invention pro-
vides methods of measuring differences in subcellular distri-
bution (or translocation) of phosphorylated Erkl/2 in non-
Alzheimer’s disease and Alzheimer’s disease cells. This
embodiment is based upon the discovery by the inventors that
in control cells, phosphorylated Erk1/2 is concentrated in the
nucleus, but in Alzheimer’s disease cells phosphorylated
Erk1/2is distributed in the extranuclear space (i.e. cytoplasm)
of the cells. According to the invention, nuclear translocation
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of Erk1/2 is tested by stimulating cells with an agent that
stimulates phosphorylation of Erk1/2 and the nuclear distri-
bution of activated (i.e. phosphorylated) Erk1/2 is, preferably,
examined by either immunocytochemistry, or by a test ratio of
phosphorylated Erk1/2 between the nucleus and the cytosol.
Nuclear translocation of phosphorylated Erk1/2 can also be
examined by Western blotting and ELISA. Any other meth-
ods for detecting phosphorylated Erk1/2 are contemplated,
including, but not limited to, flow cytometry, protein kinase
assays, immunoprecipitation using radiolabeled phosphate,
mass spectrometry, fluorescence resonance energy transfer
using fluorescently labeled antibodies, immunoprecipitation
using antibodies attached to magnetic beads, affinity-based
assays using MAP kinase substrates, Northern blots, one or
two-dimensional gel chromatography, optionally followed by
phosphoprotein staining or detection, enzymatic activity
assays.

[0054] Imnnoassays of the present invention may be
immunofluorescent assays, radioimmunoassays, Western
blot assays, enzyme immunoassay, immuno-precipitation,
chemiluminescent assay, immunohistochemical assay, dot or
slot blot assay and the like. (In “Principles and Practice of
Immunoassay” (1991) Christopher P. Price and David J. Neo-
man (eds), Stockton Press, New York, N. Y., Ausubel et al.
(eds) (1987) in “Current Protocols in Molecular Biology”
John Wiley and Sons, New York, N. Y.). Detection may be by
colorometric or radioactive methods or any other conven-
tional methods known to those having skill in the art. Stan-
dard techniques known in the art for ELISA are described in
Methods in Immunodiagnosis, 2" Edition, Rose and Bigazzi,
eds., John Wiley and Sons, New York 1980 and Campbell et
al., Methods of Immunology, W. A. Benjamin, Inc., 1964, both
of which are incorporated herein by reference. Such assays
may be direct, indirect, competitive, or noncompetitive
immunoassays as described in the art (In “Principles and
Practice of Immunoassay” (1991) Christopher P. Price and
David J. Neoman (eds), Stockton Press, NY, N.Y.; Oellirich,
M. 1984. J. Clin. Chem. Clin. Biochem. 22: 895-904 Ausubel,
et al. (eds) 1987 in Current Protocols in Molecular Biology,
John Wiley and Sons, New York, N. Y.

[0055] As stated previously, the cells taken from the patient
being diagnosed may be any cell. Examples of cells that may
be used include, but are not limited to, fibroblasts, buccal
mucosal cells, blood cells, such as erythrocytes, lymphocytes
and lymphoblastoid cells, and nerve cells and any other cell
expressing the Erk1/2 protein. Necropsy samples and pathol-
ogy samples may also be used. Tissues comprising these cells
may also be used. The cells may be fresh, cultured or frozen.
Protein samples isolated from the cells or tissues may be used
immediately in the diagnostic assay or frozen for later use. In
a preferred embodiment fibroblast cells are used. Fibroblast
cells may be obtained by a skin punch biopsy.

[0056] Proteins may be isolated from the cells by conven-
tional methods known to one of skill in the art. In a preferred
method, cells isolated from a patient are washed and pelleted
in phosphate buffered saline (PBS). Pellets are then washed
with “homogenization buffer” comprising 50 nM NaF, 1 mM
EDTA, 1 mM EGTA, 20 pg/ml leupeptin, 50 ug/ml pepstatin,
10 mM TRIS-HCI, pH=7 4, and pelleted by centrifugation.
The supernatant is discarded, and “homogenization buffer” is
added to the pellet followed by sonication of the pellet. The
protein extract may be used fresh or stored at -80° C. for later
analysis.
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[0057] Inthis methods of the invention, the antibodies used
in the disclosed immunoassays may be monoclonal or poly-
clonal in origin. The phosphorylated and non-phosphorylated
Erk1/2 protein or portions thereof used to generate the anti-
bodies may be from natural or recombinant sources or gen-
erated by chemical synthesis. Natural Erk1/2 proteins can be
isolated from biological samples by conventional methods.
Examples of biological samples that may be used to isolate
the Erk1/2 protein include, but are not limited to, skin cells,
such as, fibroblasts, fibroblast cell lines, such as Alzheimer’s
disease fibroblast cell lines and control fibroblast cell lines
which are commercially available through Coriell Cell
Repositories, (Camden, N. I.) and listed in the National Insti-
tute of Aging 1991 Catalog of Cell Lines, National Institute of
General Medical Sciences 1992/1993 Catalog of Cell Lines
[(NIH Publication 92-2011 (1992)].

[0058] Itis further contemplated that this invention relates
to kits which can be utilized in performing any of the diag-
nostic tests described above. As stated previously, the kits
may contain a single diagnostic test or any combination of the
tests described herein. Such kits may comprise antibodies
which recognize the PP2A or phosphorylated PP2A sub-
strates, as well as any compounds that stimulate phosphory-
lation of PP2A substrates (such as, for example, bradykinin)
and/or inhibitors of PP2A function (such as, for example,
okadiac acid). Antibodies may be polyclonal or monoclonal.
The kits may also contain instructions relating to the use of
the antibodies or other constituents in the diagnostic tests.
The kits may also contain other reagents for carrying out the
diagnostic tests such as oligonucleotide primers for PCR or
RT-PCR which are specific for the gene encoding PP2A and
the gene encoding “housekeeper genes” such as GAPDH, for
example. The kits may also include buffers, secondary anti-
bodies, control cells, and the like.

Methods of Screening to Identify Therapeutic Substances

[0059] In another embodiment, the diagnostic tests
described herein can also be used to screen and identify
substances useful for the treatment or prevention of Alzhe-
imer’s disease. According to this embodiment, substances
which reverse or improve the Alzheimer’s disease-associated
differences described herein (i.e. back to levels found in nor-
mal cells) would be identified and selected as substances
which are potentially useful for the treatment of Alzheimer’s
disease.

[0060] By way of example, one such method of screening
therapeutic substances would involve the steps of contacting
sample cells from an Alzheimer’s disease patient with a sub-
stance being screened, and detecting the level of PP2A gene
expression in the sample, wherein a reduction in the abnor-
mally elevated level of PP2 A gene expression associated with
Alzheimer’s disease cells indicates that the substance is
potentially useful for the treatment or prevention of Alzhe-
imer’s disease. The elevation of PP2A gene expression in AD
cells is a cellular compensation for the reduced PP2A protein
levels and impaired PP2A activity. A substance that increases
the PP2A protein level or enhances PP2A activity will reduce
prolonged Erk1/2 phosphorylation and thus is potentially
useful for treatment of AD. If PP2A protein and activity are
increased, the elevated PP2A gene expression may return to a
normal level.

[0061] In another preferred embodiment of the compound
screening method disclosed herein, the Alzheimer’s disease-
associated abnormality is the lack of increased PP2A expres-
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sion in cells contacted with an agent that stimulates phospho-
rylation of Erkl/2. In this embodiment, compounds that
restore increased PP2A expression in cells contacted with an
agent such as bradykinin, which stimulates Phosphorylation
of Erk1/2, would potentially identify a compound useful for
the treatment or prevention of Alzheimer’s disease.

[0062] In another preferred embodiment of the compound
screening method disclosed herein, the Alzheimer’s disease-
associated abnormality is reduced PP2A protein or PP2A
enzymatic activity compared to non-Alzheimer’s control
cells. In this embodiment, compounds that restore normal
levels of PP2A protein or PP2A enzymatic activity in cells
isolated from subjects having Alzheimer’s disease, would
potentially identify a compound useful for the treatment or
prevention of Alzheimer’s disease.

[0063] In another preferred embodiment of the compound
screening method disclosed herein, the Alzheimer’s disease-
associated abnormality is the lack of a normal response when
test cells are treated with bradykinin in the presence of oka-
diac acid. In this embodiment, compounds that restore a nor-
mal response in cells isolated from subjects having Alzhe-
imer’s disease, would potentially identify a compound useful
for the treatment or prevention of Alzheimer’s disease.
[0064] Ina further preferred embodiment of the compound
screening method disclosed herein, the Alzheimer’s disease-
associated abnormality is distribution of phosphorylated
Erk1/2 in the extranuclear area. In this embodiment, com-
pounds that restore a normal distribution of phosphorylated
Erk1/2 in the nucleus of cells isolated from subjects having
Alzheimer’s disease, would potentially identify a compound
useful for the treatment or prevention of Alzheimer’s disease.
[0065] Those skilled in the art will readily recognize that
any of the Alzheimer’s disease-associated differences
described in this invention can be adapted to form the basis of
screening methods or assays for the identification of thera-
peutic substances for the treatment of prevention of Alzhe-
imer’s disease. In addition, such methods would utilize any of
the techniques or materials well known in the art and/or
already disclosed herein and in the Examples.

[0066] The inventors have found that the serine/threonine
phosphatase 2A is impaired in fibroblast cells from AD
patients. This impairment includes abnormal expression of
PP2A at gene and protein levels and impairment in its phos-
phatase activity. PP2A gene expression in AD and AC cells is
measured with RTQ-PCR, a highly sensitive method for com-
paring mRNA levels (Heid et al., 1996; Winer et al., 1999;
Livak and Schmittgen, 2001). In order to minimize sample-
to-sample variation due to possible differences in the starting
amount of cDNA copies, levels of GAPDH mRNA are used
for normalization of PP2A gene expression. Since no
genomic DNA is contained in the reverse-transcribed
samples, all amplified cDNA copies should be attributed to
mRNA prepared from AD and AC cells. The PCR products
are specific for PP2A and GAPDH, as demonstrated by their
characteristic melting curves (TM), as well as by a single
PCR product of PP2A or GAPDH resolved on the TBE gel
with expected sequence size (FI1G. 1).

[0067] A significantly high basal level of PP2A gene
expression exists in AD cells. Higher basal PP2A mRNA
levels, however, do not necessarily result in higher protein
expression, nor does it necessarily indicate normal PP2A
function. Indeed, in AD cells the amount of PP2A is signifi-
cantly lower compared to control cells, as are PP2A enzy-
matic activities. Because AD is an etiologically heteroge-
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neous disorder, multiple factors may be involved in the
upstream molecular mechanism underlying abnormal
expression and activity of PP2A in AD cells. The reduced
protein levels of PP2A in AD cells may be aresult of impaired
post-transcriptional processes in protein synthesis, and/or
from compromised PP2A protein stability due to abnormally
increased proteolysis or incorrect protein folding, which
could facilitate degradation of PP2A proteins. Reduction of
PP2A protein in AD cells will cause impaired PP2A activity.
Additionally, altered enzyme properties such as substrate-
binding affinity of the regulatory domain and/or the activity of
the catalytic subunit are also factors that impair PP2A func-
tion.

[0068] Other abnormalities in upstream molecular events,
for example, perturbation of calcium homeostasis in AD, are
known. Two CA**-binding EF-hand motifs have been iden-
tified in the B/PR72 regulatory subunit of PP2A, which is
involved in regulation of PP2A activity (Janssens et al.,
2003). In an in vitro system, these authors showed that low
CA** concentrations increased PP2A activity, but high CA**
concentrations inhibited it (Janssens et al., 2003). Abnor-
mally enhanced intracellular calcium signaling has been
found in different types of cells from AD, including those
caused by presenilin-1 mutations (Sheehan et al., 1997,
Etcheberrigaray et al., 1998; Putney, 2000; Yoo et al., 2000;
Mattson et al., 2001). Increased intracellular CA** levels
together with oxidative stress may be key factors contributing
to PP2A function deficits, and enhanced activities from
upstream protein kinases such as MEK, PKC, and PP60-src
leading to increases and prolongation of MAP kinase activity.
Abnormally increased pp60-sre activity, for example, could
not only promote MAP kinase phosphorylation (Zhao et al.,
2002), but also suppress PP2A activity (McMahon et al.,
2001), both contributing to dysregulation of the Map kinase
pathway in AD cells.

[0069] PP2A mRNA expression is reduced in postmortem
AD brains (Gong et al., 1995; Vogelsberg-Regaglia et al.,
2001). Tt is possible that the increased basal levels of PP2A
mRNA disclosed herein reflect a cellular compensatory
mechanism for its deficient protein expression and enzymatic
functions in AD cells. This compensatory phenomenon is
found in living AD cells as shown herein, but it may be
completely diminished in terminal states of AD so that lower
PP2A mRNA levels might be detected in postmortem AD
brains.

[0070] BK is a potent inflammation mediator that stimu-
lates a series of intracellular CA**-dependent signal trans-
duction processes, including protein phosphorylation, and
activation of transcriptional factors leading to gene expres-
sion (Connolly, 1998; Liebmann, 2001). As part of a normal
feedback mechanism, phosphatase may be activated as a
result of protein phosphorylation in response to cellular
stimuli, and gene expression of specific phosphatases may be
upregulated in order to supply sufficient enzyme to the cell.
The present inventors have demonstrated that when AC cells
are stimulated with BK for about 10 min, a significant eleva-
tion of PP2A gene expression is detected, which demon-
strates a normal cellular response to a pharmacological stimu-
lus. This response, however, is not shown in AD cells as PP2A
mRNA levels do not change after BK stimulation. This loss of
regulation capability of PP2A gene expression in response to
stimulation underlies the impairment of PP2A function dur-
ing AD pathogenesis.
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[0071] BK causes an increase in Erk1/2 phosphorylation.
In AC cells, this increased Erk phosphorylation lasts for a few
minutes and returns to the control level by about 10 min
poststimulation. In AD cells, however, it is significantly sus-
tained (Zhao et al., 2002). Dysfunction of PP2A contributes
to AD-associated enhancement of Erk1/2 phosphorylation.
The present inventors determined the effects of the PP2A
inhibitors, including OA and the PP2B inhibitor FK506 on
Erk1/2 phosphorylation after bradykinin stimulation. Inhibi-
tion of PP2A by OA increases Erk1/2 phosphorylation. This
increase in AC cells is markedly greater than that in AD cells
by a significantly higher ratio of +OA/-OA in AC cells.
Because OA is used in a dose (about 10 nM) selectively
inhibiting PP2A (Nagao et al., 1995; Sheppeck et al., 1997,
Fernandez et al., 2002), along with the result in which FK506
does not inhibit Erk1/2 phosphorylation, PP2A, and no other
phosphatases such as PP1 or PP2B, is responsible for inacti-
vation of the BK-induced Erk1/2 phosphorylation in fibro-
blasts. Therefore, sustained Erk1/2 phosphorylation induced
by BK stimulation in AD cells is attributed to the impairment
of PP2A function.

[0072] When cells are treated with FK506, the prolonga-
tion of Erk1/2 phosphorylation in AD cells induced by BK
was abolished. In addition to PP2B, FK506 also primarily
targets FK-binding proteins (FKBP) that represent a class of
peptidyl prolyl cis/trans isomerases (PPlase). Previous stud-
ies have reported that FK506 promotes expression and activ-
ity of MAP kinase phosphatase 1 leading to decline of Erk
phosphorylation and downstream signaling (Winter et al.,
1998; Zawadzka and Kaminska, 2003). By inhibiting PPlase
activity, FK506 and other FKBP ligands have been reported
to have a neuroprotective function (Gold, 1999, 2000; Christ-
ner et al., 2001; Klettner et al., 2001). Erk1/2 is a key player
among signaling pathways regulating a variety of cellular
events. Activation of Erk in response to mitogenic stimuli has
been reported to cause translocation of the kinase from the
cytosol to the nucleus (Chen et al., 1992; Gonzales et al.,
1993; Lenormand et al., 1993; Brunet et al., 1999; Ferrell,
1998; Lewisetal., 1998), where it participates in regulation of
gene transcription processes (Treisman, 1996). The nucleusis
also a critical site for inactivation of Erkl1/2 via nuclear
sequestration of Erk1/2 away from its upstream activating
kinase MEK, its cytoplasmic activator, and its dephosphory-
lation by specific nuclear phosphatase (Volmat et al., 2001).
The nuclear import of Erk is mediated via several mecha-
nisms including passive diffusion of the Erk monomer, active
transport of the Erk dimer, and by direct interaction of Erk
with the nuclear pore complex (Khokhlatchev et al., 1998;
Adachi et al., 1999; Matsubayashi et al., 2001). The present
inventors disclose herein immunocytochemical staining
results showing that activated Erk1/2 is concentrated in the
nucleus of AC cells, while a substantial amount of phospho-
Erk1/2 remains in extranuclear areas of AD cells. The present
invention is also directed to differential subcellular distribu-
tions of the phosphorylated Erk1/2 showing that mechanisms
underlying nuclear import of activated Erk1/2 are impaired in
AD cells.

[0073] Thepresent invention exploits the observation made
by the inventors that impairment of PP2A functions, includ-
ing its gene expression and protein production as well as its
enzymatic activity, are present in fibroblast cells from AD
patients. This impairment of PP2A is responsible for the
BK-induced prolongation of Erk1/2 phosphorylation in AD
cells. Dysfunctions of PP2A occur also in neurons of the AD
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brain, causing its incapability to efficiently reverse the hyper-
phosphorylation of tau protein leading to NFT lesions.
Impaired PP2A in the brain also causes a delayed Erk inacti-
vation, which further contributes to greater tau phosphoryla-
tion. Dysfunctions of other phosphatase including the dual
tyrosine phosphatase, another major phosphatase responsible
for inactivating Erk, may also contribute to the AD-associated
dysfunction of Erk signaling.

[0074] All of the references, patents and printed publica-
tions mentioned in the present application are hereby incor-
porated by reference in their entirety into this application.
[0075] The following Examples serve to illustrate further
the present invention and are not to be construed as limiting
the scope of the invention in any way.

EXAMPLES
Example 1
Changes in PP2A mRNA Levels in AD Cells

[0076] PP2A gene expression was quantified using RTQ-
PCR, with GAPDH as a reference gene for normalization. As
shown in FIGS. 1A and 1B, with real-time PCR, PP2A and
GAPDH primers, respectively, produced a linear standard
curve of the amplified sequence with a series of dilutions of
the human fibroblast cDNA template run in duplicates. Spe-
cific melting temperatures (MT) were plotted by distinct dis-
sociation curves (FIG. 2C) for PP2A, GAPDH, and water,
demonstrating a high specificity of each PCR product. This
specificity was confirmed by the result shown in FIG. 1D, in
which the final PCR products for PP2A and GAPDH were run
ona 10% TBE gel. A single band with the expected sequence
size was revealed for each gene (lane 2 and 4), but it was not
detected in the sample without adding reverse transcriptase
during in vitro reverse transcription (lane 1 and 3). This
indicates that the amplified PCR products for PP2A and
GAPDH were not from the genomic DNA. To measure PP2A
gene expression, duplicates of fibroblast cDNA template
from each of 19 AD and 17 AC cell lines were applied to PCR.
The expression levels of PP2A and GAPDH from each cell
line were automatically calculated against their respective
standard curve run simultaneously with AC and AD samples.
Levels of PP2A gene expression were normalized with those
of GAPDH for each cell line, and the resulting ratios were
compared using at test. As shown in FIG. 2A, the basal levels
of PP2A mRNA were statistically higher in AD cells com-
pared to AC cells (P<0.01, t test). Treatment of the fibroblasts
with 10 nM bradykinin (BK) for about 10 min markedly
increases PP2A mRNA levels in AC cells. This BK-stimu-
lated PP2A gene upregulation, however, is absent in AD cells
(FIG. 2B). At test analysis showed a significant group differ-
ence (P=0.016). These results indicate that, despite higher
basal levels of PP2A mRNA, the dynamic gene expression of
PP2A in response to BK stimulation, is impaired in AD cells.

Example 2

Changes in PP2A Protein Levels and Enzymatic
Activities in AD Cells

[0077] To determine whether changes in PP2A gene
expressionin AD cells were reflected in its protein expression
and function, both PP2A protein levels and activity were
compared between AC and AD cells. The amount of PP2A
protein measured with Western blotting was significantly
reduced in all AD cells compared to that in AC cells (P<0.01).
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This reduction of PP2ZA was not due to a lower amount of
protein from AD cells that was loaded on SDS-gel, because
levels of a reference protein annexin I1 from the same samples
were not significantly different from those in AC cells (FIG.
3A). A consistent result of reduction of PP2A in AD cells was
also produced when the PP2A-immunoreactive signals were
normalized against the total protein loaded on the SDS-gel. In
addition, PP2A activity was also markedly decreased in AD
cells compared to AC cells (P<0.001) (FIG. 3B).

Example 3

PP2A is Involved in Dephosphorylation of Erk1/2
after BK Stimulation

[0078] To test whether PP2A is involved in dephosphory-
lation of Erk1/2, AC cells from five different individuals were
treated with a PP2A inhibitor, okadiac acid at a concentration
only inhibiting PP2A (Nagao et al., 1995; Sheppeck et al.,
1997; Fernandez et al., 2002). The Erk1/2 phosphorylation
was determined on Western blots using specific antibodies for
phospho- and regular Erk1/2. Erk1/2 phosphorylation was
increased at about 5 min after BK stimulation, but it returned
to the control level by about 10 min (FIG. 4) possibly due to
a normal dephosphorylation mechanism in the cell. In the
presence of about 10 nM OA, however, this Erk1/2 dephos-
phorylation was significantly inhibited (FIG. 4). A one-way
ANOVA revealed significant treatment effects (P<0.001).
These results indicate that PP2A is responsible for dephos-
phorylation of Erk1/2 after its BK-stimulated phosphoryla-
tion.

Example 4

Impaired PP2A Function Contributes to the Pro-
longed Erk1/2 Phosphorylation in AD Cells

[0079] To test whether impairment of PP2A contributes to
the prolongation of Erk1/2 phosphorylation after BK stimu-
lation, we treated both AC and AD cells with BK for about 10
min in the presence or absence of about 10 nM OA. The
resulting Erk1/2 phosphorylation was examined as described
above. Results from 9 AD and AC cell lines clearly showed
(FIG. 5A) that OA inhibited Frk1/2 dephosphorylation in AC
cells at about 10 min after bradykinin stimulation. In AD
cells, a prolonged Erk1/2 phosphorylation was seen at about
10 min after bradykinin stimulation. Addition of OA did not
further increase Erk1/2 phosphorylation in these cells. There
was a significant difference in ratios of +OA/-OA between
AC and AD cells. These results indicate that the prolongation
of Erk1/2 phosphorylation in AD cells induced by BK stimu-
lation is due to PP2A function.

[0080] On the other hand, the presence of a PP2B inhibitor,
FK506 did not cause a significant increase in the BK-induced
Erk1/2 phosphorylation in AC cells (FIG. SA). It was also
noted that the BK-induced Erk1/2 phosphorylation prolonga-
tion in AD cells was abolished in the presence of FK506 (FIG.
5A).

Example 5

Immunocytochemistry

[0081] Immunoreactive signals for phospho-Erk1/2 under
different treatments are shown in FIG. 6. F1G. 6A shows the
time course of the BK-induced Erk1/2 phosphorylation
between AC and AD cells in the presence or absence of OA,
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which was consistent with the Western blotting results (see
FIG. 4). FIG. 6B shows the Erk1/2 phosphorylation in com-
parison with the regular Erk1/2 signals within the same AC or
AD cells, which is again consistent with those from Western
blots shown in FI1G. 5. However, it was noted that the basal
phosphorylation levels of Erk1/2 observed with immunohis-
tostaining were higher in AD cells than in AC cells, unlike the
results from Western blots, in which there were no clear
differences in the basal level of Erk1/2 phosphorylation
between AD and AC cells. More significantly, it was also
noted that there was a difference in subcellular distribution of
phosphorylated Frk1/2 between AD and AC cells. In AC cells
the phosphorylated Erk1/2 was predominantly concentrated
in the nucleus of the cell, whereas in AD cells phosphorylated
Erk1/2 was more diffusely distributed in the paranucleic and
cytosolic area. This was particularly true when Erk1/2 was
activated by BK (see FIG. 6A BK, about 5 min). These results
indicate that translocation of activated Erk to the nucleus is
inhibited in AD cells, which may underlie the AD-associated
dysfunction of MAP kinase in regulation of gene transcrip-
tion, as well as the delayed Erk dephosphorylation after BK
stimulation.

Example 6
Testing Human Skin Fibroblasts

[0082] Human skin fibroblasts may be used as the material
for the diagnostic tests for Alzheimer’s disease of the present
invention. This type of cell canbe collected from test subjects
and age-matched non-Alzheimer’s control subjects, pro-
cessed, cultured and passaged according to established meth-
ods. Cells may be cultured either in a small flask (usually 25
cm), or a small dish (35 mm) in DMEM medium containing
10% fetal bovine serum until they reach 80-90 confluency.
Cells may then be “starved” by being cultured in a serum-free
medium overnight prior to treatment of the cell.

[0083] Basallevels of PP2A gene expression are measured
by quantitative real time PCR. This includes the following
procedures: 1) Preparation of total RNA from fibroblasts or
other methods such as a filtration-based methods to prepare
total RNA. 2) Removal of genomic DNA by treating the total
RNA sample with, for example, DNase-I. 3) Synthesis of
single-strand cDNA from the total RNA 1in an in vitro reverse
transcription reaction. 4) Performance of real-time PCR. A
reference gene such as GAPDH is simultaneously amplified
with the PP2A gene in the same PCR run for normalization of
PP2A gene expression.

[0084] Bradykinin-induced PP2A gene expression is mea-
sured by the following procedures: Serum-starved fibroblasts
are treated with an appropriate concentration of bradykinin
(BK)at37°C. for about 10 min. The reaction is terminated by
removing the culture medium, rinsing cells with pre-cooled
PBS pH 7.5, and freezing cells on a dry ice/ethanol surface.
The same cells cultured in a separate flask are added with the
same volume of PBS instead of BK solution, and used as the
control. Preparation of total RNA, DNase-I treatment, in vitro
reverse transcription, and real-time PCR are conducted as
described above. The BK-induced PP2A gene expression is
assessed by calculating the +BK/-BK ratios.

[0085] Protein levels of PP2A in fibroblasts are measured
with Western blotting using an anti-PP2A antibody. Levels of
a different protein such as annexin-II or actin may also be
measured in the same sample and used as a reference protein
for normalization.
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[0086] Okadiac acid (OA)-inhibited Erk1/2 dephosphory-
lation after BK stimulation is examined in the following pro-
cedures: Cells from the same cell line are cultured in two
separate flasks or dishes up to 80-90% confluency. After
serum-starving overnight, cells are treated as such: 1) BK
treatment for about 10 min, 2) pretreatment with about 10 nM
OA for about 15 min followed by BK treatment and another
dose of OA for about 10 min. Reactions are terminated, cells
are lysed in a lysis buffer, and the extent of Erk1/2 phospho-
rylation and levels of the total Erk1/2 are determined using
Western blots. After normalizing with signals of the total
Erk1/2, the ratio of BK-stimulated Erk1/2 phosphorylation in
the presence and absence of OA is calculated.

[0087] Basal phosphorylation levels of Erk1/2 are exam-
ined with fluorescent immunocytochemical staining. Fibro-
blasts are cultured on small round coverslips. After reaching
about 70-80% confluency and serum-starving overnight, the
culture medium is removed. Cells are rinsed rapidly with
pre-cooled PBS pH 7.5 and fixed with about 4% formalde-
hyde. The fixed cells are washed for three times of about 5 min
each, and incubated with anti-phospho-Erk1/2 antibody. This
is followed by staining cells with a second antibody labeled
with fluorescence. The immunoreactive signals are acquired
with fluorescent microscopy, and levels of signals for phos-
pho-Erk1/2 are measured with the Metaphore software.
[0088] Nuclear translocation of phospho-Erk1/2 is exam-
ined with immunocytochemical staining, Western blotting,
and ELISA. 1) Cells are cultured on small coverslips to a
confluency of 70-80%. Cells are serum-starved overnight and
treated with appropriate concentrations of BK in the presence
and absence of about 10 nM OA. After termination of the
reaction and fixation of cells as described above, cells are
immunostained with an anti-phospho-Erk1/2 followed by
staining with a fluorescent-labeled secondary antibody.
Increases and nuclear importation of phospho-Erk1/2 are
observed and recorded with fluorescent microscopy con-
nected to a computer. 2) Cells from an identical cell line are
cultured in several separate flasks or dishes for the following
treatment conditions: control, BK treatment, and BK+OA
treatment. After termination of reactions, the cytosolic and
nuclear fractions are separated with a commercial nuclear
fractions preparation kit. The nuclear translocation of phos-
pho-Erk1/2 is examined by detecting Erk1/2 phosphorylation
levels in the cytosolic and nuclear fractions respectively. The
ratio of the nuclear phospho-Erk1/2 to the cytosolic phospho-
Erk1/2 is calculated and compared among different treatment
conditions. Alternatively, the same results can be obtained
with ELISA.

Example 7
Cultures and Treatments of Fibroblast Cells

[0089] Banked skin fibroblast cells from Alzheimer’s dis-
ease patients and age-matched controls (AC) were purchased
from Coriell Institute for Medical Research. Cells from 19
AD patients aged from 59 to 81 years old were used in this
study, with 11 cell lines from familial AD (FAD) and 9 cell
lines from sporadic AD (SAD) individuals. All patients
showed severe dementia, progressive memory loss, and other
impaired cognitive functions. Abnormal eletroencephalo-
gram and various degrees of cerebral atrophy were also found
in these AD patients. Control fibroblast cells were from 17
normal individuals with close age and sex matches. Upon
arriving at the laboratory, cells were cultured in DMEM
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medium containing 10% fetal bovine serum and passaged as
previously described (Zhao et al., 2002). Cells with passage
number not greater than 17 were used in this study.

Example 8
Pharmacological Treatments

[0090] To stimulate MAP kinase phosphorylation, fibro-
blasts were cultured to approximately 90% confluence and
treated with bradykinin (BK, 10 nM), a potent inflammation
mediator, for about 5 min. or about 10 min. To test a possible
involvement of PP2A or PP2B in regulation of MAP kinase
phosphorylation, cells were pretreated with either okadiac
acid (OA, about 10 nM) or FK506 (about 20 nM) for about 15
min followed by treatment with BK (about 10nM) alone with
another dose of okadiac acid or FK506 for about 10 min. A
flask of cells for each cell line was treated with DMSO vehicle
and used as controls. The treatment was terminated by remov-
ing the culture medium from the flask, rapidly rinsing cells
with precooled 1xPBS, pH 7.5, and placing the flask or dry
ice/ethanol. Depending on the purpose of the experiment,
either 1 ml RNA isolator or 1 ml cell lysis buffer containing
1% protease inhibitor cocktail (Sigma) was added to each
flask for subsequent RNA preparation, or enzymatic and
immunoblotting assays.

Example 9

Preparation of Total RNA and Synthesis of the First-
Strand cDNA

[0091] Total RNA was extracted from each AD and AC cell
line using an RNA isolator (Sigma Genosys) according to the
manufacturer’s instructions and then treated with DNase-I at
37° C. for 30 min to remove possible genomic DNA contami-
nation. Total RNA (1.5 pg) was then reverse-transcribed to the
single-strand cDNA using a first-strand cDNA synthesis kit
with oligo(dT) primers.

Example 10
Real-Time PCR

[0092] The mRNA levels were quantified by a real-time
polymerase chain reaction using an ABI 7900 platform (Ap-
plied Biosystems) after an in vitro reverse transcription
(RTQ-PCR) as described above. The target segment of PP2A
was amplified with a primer pair of forward, 5'-GTTGG-
GAGGTGGCAGTGAG-3' SEQ ID NO:1 and reverse,
5'-AAACACTGGCCTCTGGTGTC-3' SEQ ID NO:2, PCR
was performed with a 20-ul mixture containing 10 pl the
SYBR green-1 MaterMix (Applied Biosystems), 10 pmol of
each forward and reverse primers, and 1 pg reverse-tran-
scribed ¢cDNA template. To correct errors due to variability of
¢DNA concentration across samples, a segment of a reference
gene,  glyceraldehyde  3-phosphate  dehydrogenase
(GAPDH), was amplified simultaneously in the same PCR
run with a primer pair of forward, S'CAACTTTGG-
TATCGTGGAAGGACTC-3' SEQ ID NO:3 and reverse,
5'AGGGATGATGTTCTGGAGAGCC-3' SEQ ID NO:4.
Real-time amplifications of PP2A and GADHP were auto-
matically calculated by the PCR machine, according to a
standard curve during the same PCR run for each gene gen-
erated with a series dilution of cDNA templates ranging from
10° to 10" copies. At the end of PCR, PP2A mRNA levels
were normalized with GAPDH mRNA levels. The resulting
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ratios (PP2A/GADPH) were used as a measure of PP2A gene
expression levels in each individual cell line. Specificities of
PP2A and GRAPH PCR products were indicated by their
melting temperatures (MT), and verified by resolving the
final PCR product on a 10% TUBE gel.

Example 11
Phosphatase Activity Assays

[0093] PP2A activities in AD and AC cells were assayed
according to a procedure (Pierce Biotechnology) using p-ni-
trophenyl phosphate (PNPP, 14.4 mM) as the substrate. The
enzyme activity assays were carried out in a 96-well micro-
plate. The reaction was initiated by adding 10 ul of each AC or
AD cell lysates into 90 pl of reaction mixture, incubated at
30° C. for 15 min, and measured in a BioRad microplate
reader under 420 nm wavelength. After subtraction of values
from reactions in which 10 nM PP2A inhibitor okadiac acid
was present, activities of PP2A were calculated according to
a standard curve produced by a series of known concentra-
tions of purified PP2A protein.

Example 12
Determination of Levels of PP2A Protein

[0094] To assess levels of PP2A in fibroblasts, the total
protein concentrations in cell lysates were determined using
BCA protein assay reagent (Pierce Biotechnology). Similar
amounts of total protein from each AC and AD cell line were
solved on 4-20% SDS-PAGE. PP2A protein was detected
with Western blots using an anti-PP2A polyclonal antibody
(Biosource International). Annexin I1, a phospho-lipid-bind-
ing protein that is abundantly expressed in fibroblasts, was
also measured with an anti-annexin II antibody (Santa Cruz
Biotechnology) on the same blot and its immunoreactive
signal was used as a reference for normalization of protein
loading variations.

Example 13
Measurement of Erk1/2 Phosphorylation

[0095] Erk1/2 phosphorylation from different treatments
was determined on Western blots using an anti-phospho-
Erk1/2 antibody (Cell Signaling Technology), the total
amount of Erk1/2 protein loaded on the SDS gel was deter-
mined by an anti-regular Erk1/2 antibody (Upstate Biotech-
nology), and was used to normalize the detected phospho-
Erk1/2 signals.

Example 14
Immunchistochemistry Staining

[0096] Fibroblast cells were grown on the surface of 2.5-
cm-diameter glass coverslips coated with 0.02 mg polylysine.
After treatment with bradykinin in the presence or absence of
OA, cells were rapidly fixed with 4% formaldehyde for 15
min and then penetrated with 0.1% Triton X-100 for 30 min.
After 30-min incubation with 10% normal horse serum, cells
were treated with anti-phospho-Erk1/2 antibody at 4° C.
overnight. Cells were washed and treated with an anti-rabbit
IgG antibody labeled with flourscein (green) for 60 min.
Following washing and sealing with Vectashield mounting
medium (Vector Laboratories), the phospho-Erk1/2 immun-
ostaining signals were observed using a Nikon fluorescent
microscope. In other cases, double immunostaining was per-
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formed to observe the phosphor- and regular Erk1/2 on the
same slice by incubation of cells simultaneously with a
mouse anti-phospho- and a rabbit anti-regular Erk1/2 anti-
body. This was followed by incubation with secondary anti-
bodies of anti-mouse and anti-rabbit IgGs labeled with fluo-
rescein (green) and Texas red (red). Immunoreactive signals
were acquired as described above.

Example 15
Data Analysis

[0097] (1) Quantitative PCR values for PP2A mRNA in
each sample of 19 AC and 19 AD cell lines were normalized
by those of GPDH in the same sample. (2) For PP2A protein
expression, immunoreactive signals were subjected to densi-
tometric scan. The densitometric values for PP2A were nor-
malized by those of annexin 11 and quantified with UN-
SCAN-IT software (Silk Scientific, Inc.) (3) To assess Erk1/2
phosphorylation, ratios for phospho-Erk1/2 over those of the
total Erk1/2 were calculated. All above ratios and data from
phosphatase 2A activity assays were then statistically com-
pared between AD and AC cells using either at test or one-way
ANOVA.
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What is claimed is:

1. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from said subject; and

b. detecting the level of PP2A gene expression in said
sample, wherein an elevated level of PP2A gene expres-
sion compared to control cells indicates the presence of
Alzheimer’s disease.

2. The method of claim 1, wherein said cell sample is
selected from the group consisting of fibroblasts, buccal
mucosal cells, neurons, and blood cells.

3. The method of claim 1, wherein said cells are fibroblasts.

4. The method of claim 1, wherein the detecting step (b) is
performed by reverse transcription quantitative polymerase
chain reaction (RVQ-PCR).

5. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from said subject;

b. contacting said cell sample with an agent that stimulates
phosphorylation of a PP2A substrate to stimulate the
cells; and

c. comparing the level of PP2A gene expression in said
stimulated cells to the level of PP2A gene expression in
unstimulated cells of the same type from said subject,
wherein a lack of increased PP2A gene expression in
stimulated cells as compared to unstimulated cells indi-
cates the presence of Alzheimer’s disease.

6. The method of claim 5, wherein said agent is bradykinin.

7. The method of claim 5, wherein said PP2A substrate is
Erk1/2.

8. The method of claim 5, wherein said cells are selected
from the group consisting of fibroblasts, buccal mucosal
cells, neurons, and blood cells.

9. The method of claim 5, wherein said cells are fibroblasts.

10. The method of claim 5, wherein the comparing step (c)
is performed by calculating a ratio of PP2A gene expression
in the presence and absence of the agent that stimulates phos-
phorylation of a PP2A substrate.

11. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from said subject;

b. detecting the level of PP2A protein or enzymatic activity

in said cell sample, wherein a reduced level of PP2A
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protein or enzymatic activity compared to non-Alzhe-
imer’s control cells indicates the presence of Alzhe-
imer’s disease.

12. The method of claim 11, wherein said cell sample is
selected from the group consisting of fibroblasts, buccal
mucosal cells, neurons, and blood cells.

13. The method of claim 11, wherein said cells are fibro-
blasts.

14. The method of claim 11, wherein detecting the level of
PP2A protein is performed by Western blot or ELISA.

15. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from a subject;

b. contacting said cell sample and control cells with a first
agent that stimulates phosphorylation of a substrate of
PP2A and, a second agent that is an inhibitor of PP2A;

¢. measuring the level of phosphorylation of the PP2A
substrate at a predetermined time after initiating the
contacting step; and

d. comparing the level of phosphorylation of the PP2A
substrate in said cell sample to the level of PP2A sub-
strate phosphorylation in control cells at the same pre-
determined time, wherein a lack of additional effect of
the PP2A inhibitor on the extent of the PP2A substrate
phosphorylation in the cell sample compared to control
cells indicates the presence of Alzheimer’s disease.

16. The method of claim 15, wherein the PP2A substrate is

Erk1/2.

17. The method of claim 15, wherein the inhibitor of PP2A
is okadiac acid.

18. The method of claim 15, wherein the cells are selected
from the group of fibroblasts, buccal mucosal cells, neurons,
and blood cells.

19. The method of claim 15, wherein the cells are fibro-
blasts.

20. The method of claim 15, wherein said agent that stimu-
lates phosphorylation is bradykinin.

21. The method of claim 15, wherein the comparing step
(d) is performed by calculating a test ratio of PP2A substrate
phosphorylation in the presence and absence of the PP2A
inhibitor, wherein said test ratio is significantly greater in
control cells than in Alzheimer’s disease cells.

22. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from a subject;

b. contacting control cells and said cell sample with a first
agent that stimulates phosphorylation of a substrate of
PP2A, wherein said contacting is done in the presence
and the absence of a second agent that is an inhibitor of
PP2A;

¢. measuring the level of phosphorylation of the PP2A
substrate from said control cells and said cell sample at
a predetermined time after initiating the contacting step
(b); and

d. comparing the level of phosphorylation of the PP2A
substrate from said cell sample in the presence and the
absence of said second agent that is an inhibitor of
PP2A, wherein a lack of a significant difference between
the extent of PP2A substrate phosphorylation in the
presence and the absence of said second agent indicates
the presence of Alzheimer’s disease.

23. The method of claim 22, wherein said control cells

show a significant difference in the level of phosphorylation



US 2009/0029355 Al

of the PP2A substrate in the presence and the absence of said
second agent that is an inhibitor of PP2A.

24. The method of claim 22, wherein said cell sample is
selected from the group consisting of fibroblasts, buccal
mucosal cells, neurons, and blood cells.

25. The method of claim 22, wherein said cell sample is
fibroblasts.

26. The method of claim 22, wherein said first agent that
stimulates phosphorylation of a PP2A substrate is bradyki-
nin.

27. The method of claim 22, wherein said second agent that
is an inhibitor of PP2A is okadiac acid.

28. The method of claim 22, wherein said PP2A substrate
is Erk1/2.

29. A method of diagnosing Alzheimer’s disease in a sub-
ject, said method comprising the steps of:

a. obtaining a cell sample from said subject; and

b. contacting said sample with an agent that stimulates

phosphorylation of Erk1/2; and

c. detecting the subcellular distribution of phosphorylated

Erk1/2, wherein an extranuclear distribution of phos-
phorylated Erk1/2 indicates the presence of Alzheimer’s
disease.

30. The method of claim 29, wherein the compound that
stimulates phosphorylation of Erk1/2 is bradykinin.

31. The method of claim 29, wherein the detecting step (c)
is performed by immunocytochemistry or by determining a
test ratio of phosphorylated Erk1/2 between the nucleus and
the cytosol of the sample cells.

32. A method of diagnosing Alzheimer’s disease in a sub-
ject comprising any combination of the diagnosis methods of
claims 1, 5, 11, 15, 22 and 29.

33. A method of diagnosing Alzheimer’s disease in a sub-
ject comprising any combination of the diagnosis methods of
claims 1, 5, 11, 15, 22 and 29, in further combination with
methods of diagnosing Alzhiemer’s disease based on measur-
ing increased phosphorylation of a MAPK protein after
stimulation with an agent that triggers intracellular calcium
release.

34. A method of screening to identify a substance useful for
treatment or prevention of Alzheimer’s disease comprising
the steps of:

Jan. 29, 2009

a. contacting a cell sample with the substance being tested,

b. determining whether the substance reverses or improves
PP2A Alzheimer’s disease-associated abnormalities,
wherein a compound that reverses or improves said
PP2A abnormalities is identified as a therapeutic sub-
stance useful for the treatment or prevention of Alzhe-
imer’s disease.

35. The method of claim 34, wherein said Alzheimer’s
disease-associated abnormality is the presence of increased
PP2A mRNA compared to non-Alzheimer’s control cells.

36. The method of claim 34, wherein said Alzheimer’s
disease-associated abnormality is the lack of increased PP2A
expression in cells contacted with an agent that stimulates
phosphorylation of Erk1/2.

37. The method of claim 34, wherein said Alzheimer’s
disease-associated abnormality is reduced PP2A protein or
PP2A enzymatic activity compared to non-Alzheimer’s con-
trol cells.

38. The method of claim 34, wherein said Alzheimer’s
disease-associated abnormality is the lack of a normal
response when test cells are treated with bradykinin in the
presence of okadiac acid.

39. The method of claim 34, wherein said Alzheimer’s
disease-associated abnormality is distribution of phosphory-
lated Erk1/2 in the extranuclear area.

40. A diagnostic test kit for Alzheimer’s disease compris-
ing bradykinin and oligonucleotide PCR primers specific for
a nucleic acid sequence encoding a PP2A protein.

41. A diagnostic test kit for Alzheimer’s disease compris-
ing an anti-PP2A antibody.

42. A diagnostic test kit for Alzheimer’s disease compris-
ing an anti-Erk1/2 antibody and bradykinin.

43. A diagnostic test kit for Alzheimer’s disease compris-
ing an anti-phospho Erk1/2 antibody and bradykinin.

44. A diagnostic test kit for Alzheimer’s disease compris-
ing bradykinin, okadiac acid and an anti-Erk1/2 antibody.

45. The diagnostic test kit of claim 44, further comprising
an anti-phospho Erk1/2 antibody.
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