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ALZHEIMER’S DISEASE DIAGNOSIS BASED ON
MITOGEN-ACTIVATED PROTEIN KINASE
PHOSPHORYLATION

BACKGROUND OF THE INVENTION

[0001] The invention provides a diagnostic and screening
test for Alzheimer’s disease (“AD”). An example of the test
involves detecting abnormally enhanced phosphorylation of
extracellular signal-regulated kinase type 1 or 2 (“Erk1/2”)
in skin fibroblasts from AD patients after stimulating the
cells with agonist such as bradykinin or other agents that
stimulate the inositol 1,4,5-trisphosphate (IP3) receptor, in
comparison to cells from age-matched controls. Enhanced
phosphorylation may be measured by Western blot using
antibodies specific for the phosphorylated protein or other
similar approaches.

[0002] Accumulating evidence indicates that the early
pathogenesis of Alzheimer’s disease (AD) involves pertur-
bation of intracellular calcium homeostasis and increased
levels of oxidative stress that contribute to excitatory tox-
icity and neuronal death in the AD brain (Putney, 2000, Yoo
et al., 2000; Shechan et al., 1997). Studies have reported
enhanced elevation of intracellular Ca®* Ievels in AD brains
as well as in peripheral cells in response to activation of
bradykinin receptors and inactivation of a K* channel (Ito et
al., 1994; Etcheberrigaray et al., 1994; Hirashima, et al.,
1996; Gibson et al., 1996, Etcheberrigaray et al., 1998).
Critical proteins such as amyloid precursor protein (APP),
presenilin 1 and presenilin 2, mutations of which are asso-
ciated with the pathogenesis of AD, have been reported to
induce dysregulation of both the IP3 receptor (IP3R) and the
ryanodine receptor{RYR-) mediated intracellular Ca®*
homeostasis (Yoo et al., 2000; Leissring et al., 1999; 2000,
Mattson et al., 2000, Barrow et al., 2000). The alteration in
cytosolic Ca** concentration is thought to contribute to the
pathophysioloy of AD, including increased production of the
neurotoxic 42 amino acid B-amyloid peptide (APp) involved
in plaque formation, hyperphosphorylation of tau protein
involved in formation of neurfibrillay tangles, and enhanced
general vulnerability of neurons to cell death.

[0003] Bradykinin (BK) is a potent vasoactive nonapep-
tide that is generated in the course of various inflammatory
conditions. BK binds to and activates specific cell mem-
brane BK receptor(s), thereby triggering a cascade of intra-
cellular events leading to the phosphorylation of proteins
known as “mitogen activated protein kinase” (MAPK; see
below). Phosphorylation of proteins, the addition of a phos-
phate group to a Ser, Thr or Tyr residue, is mediated by a
large number of enzymes known collectively as protein
kinases. Phosphorylation normally modifies the function of,
and usually activates, 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
disrupts biochemical pathways and multiple cellular func-
tions. Such disruptions may be the basis for certain brain
diseases.

[0004] Increased intracellular Ca®* levels in response to
BK is mediated at least by the “type 2” BK receptor
(BKb2R), a G-protein-coupled receptor. Stimulation of
BKb2R by BK activates phospholipase C (PLC) resulting in
production of diacylglycerol (DAG) and inositol 1,4,5-
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trisphosphate (IP3), second messengers involved in regula-
tion of intracellular Ca** levels and activation of protein
kinase C (PKC). The PLC/phospholipid/PKC pathway also
interact with the Ras signaling pathway that activates the
MAPK pathway. MAPK (or MAP kinase) refers to an
enzyme family termed “mitogen activated protein kinase,”
an important member of which is the “extracellular signal-
regulated kinase” type 1 or 2 (“Erk1/2”) (Berridge, 1984;
Bassa et al., 1999). Erk1/2 receive signals from multiple
signal transductional pathways and is part of a pathway that
leads to cell proliferation and differentiation by regulation of
gene expression through a number of transcriptional factors
including cyclic adenosine monophosphate (cAMP)-respon-
sive element binding protein (CREB).

[0005] Erk1/2 phosphorylates tau protein at multiple Ser/
Thr sites including Ser262 and Ser356 (Reynolds et al.,
2000), which are in microtubule-binding regions of tau.
Phosphorylation of Ser262 markedly compromises the abil-
ity of tau to assemble and stabilize microtubules (Biemat et
al., 1993; Lu et al., 1993). Increased oxidative stress, aber-
rant expression of amyloid precursor protein (APP), and
exposure to APP cause activation of MAPK (McDonald et
al., 1998; Ekinci and Shea, 1999; Grant et al., 1999) and
enhanced tau phosphorylation (Greenberg et al., 1994).

[0006] Young LT et al., Neurosci Lett, 1988, 94:198-202
studied IP3 receptor binding sites in autopsied brains from
10 subjects with AD and 10 age-matched controls. In the
parietal cortex and hippocampus, there was a 50-70% loss of
[*H]-IP3 binding whereas no significant changes were
observed in frontal, occipital and temporal cortices, caudate
or amygdala. Scatchard analysis confirmed a reduction in
receptor density rather than a change in affinity. Also, many
neurotransmitters, hormones and growth factors act at mem-
brane receptors to stimulate the phosphodiesterase hydroly-
sis of phosphatidyl-inositol 4,5-bisphosphate (PIP2) gener-
ating the comessengers IP3 and diacylglycerol (DAG). DAG
stimulates PKC while IP3 was initially postulated to activate
specific receptors leading to release of intracellular calcium,
probably from the endoplasmic reticulum.

[0007] Though earlier reports had detected **P-IP3 bind-
ing to liver and adrenal microsomes and to permeabilized
neutrophils and liver cells, Solomon Snyder’s group was the
first to localize, isolate, analyze and later clone, IP3 recep-
tors. Worley P F et al., Nature 1987;325:159-161, demon-
strated high affinity, selective binding sites for *H- and
*2P.labelled IP3 in the brain at levels 100-300 times higher
than those observed in peripheral tissues. These receptors
were considered physiologically relevant because the poten-
cies of various myoinositol analogues at the IP3 binding site
corresponded to their potencies in releasing calcium from
microsomes. Brain autoradiograms demonstrated discrete,
heterogeneous localization of IP3 receptors. In 1988, this
group (Supattapone S et al., J Biol Chem, 1988, 263:1530-
1534, reported the solubilization, purification to homogene-
ity, and characterization of an IP3 receptor from rat cerebel-
lum. The purified receptor was a globular protein that
migrated in electrophoresis as one protein band with an Mr
of 260 kDa. In a review, Snyder et al. (Cell Calcium, 1989,
10:337-342) noted that immunohistochemical studies with
antisera to the purified receptor protein localized the recep-
tor to a subdivision of the rough endoplasmic reticulum
occurring in synaptic areas and in close association with the
nuclear membrane. The TIP3 receptor protein was selectively



US 2005/0059092 A1

phosphorylated by cAMP-dependent protein kinase. This
phosphorylation decreased 10-fold the potency of IP3 in
releasing calcium from brain membranes. Ferris C D et al,,
Proc Natl Acad Sci USA, 1991 88:2232-2235 later studied
phosphorylation of IP3 receptors with purified receptor
protein reconstituted in liposomes (to remove detergent that
can inhibit protein kinases). The IP3 receptor was stoichio-
metrically phosphorylated by protein kinase C (PKC) and
CaM kinase II as well as by protein kinase A (PKA). IP3
receptors are regulated by phosphorylation catalyzed by the
three enzymes which was additive and involved different
peptide sequences. Phosphorylation by (1) PKC which was
stimulated by Ca®* and DAG, and (2) by CaM Kkinase II
which required Ca®*, provided a means whereby Ca** and
DAG, formed during inositol phospholipid turnover, regu-
late IP3 receptors. Chadwick C C et al., Proc Natl Acad Sci
USA, 1990 87:2132-2136, described the isolation from
smooth muscle of an IP3 receptor that was an oligomer of a
single polypeptide with a Mr of 224 kDa. Furuichi T, et al.,
FEBS Lert, 1990 267:85-88 examined distribution of IP3
receptor mRNA in mouse tissues. The concentration of was
greatest in cerebellar tissue. Moderate amounts of IP3 recep-
tor mRNA were present in other brain tissue: thymus, heart,
lung, liver, spleen, kidney, and uterus. Small amounts of IP3
receptor mRNA were observed in skeletal muscle and tes-
ticular tissue. Based on in situ hybridization, a considerable
amount of IP3 receptor mRNA was located in smooth
muscle cells, such as those of the arteries, bronchioles,
oviduct and uterus. Ferris C D et al., J Biol Chem, 1992,
267:7036-7041, demonstrated serine autophosphorylation of
the purified and reconstituted IP3 receptor and found serine
protein kinase activity of the IP3 receptor toward a specific
peptide substrate. The investigators concluded that the IP3
receptor protein and the phosphorylating activity reside in
the same molecule. Ross C Aet al. (Proc Natl Acad Sci USA,
1992,89:4265-4269), cloned three IP3R cDNAs, designated
IP3R-IL, -I1I, and -1V, from a mouse placenta cDNA library.
All three displayed strong homology in membrane-spanning
domains M7 and MS to the originally cloned cerebellar
IP3R-I, with divergences predominantly in cytoplasmic
domains. Levels of mRNA for the three additional IP3Rs in
general were substantially lower than for IP3R-I, except for
the gastrointestinal tract where levels were comparable.
Cerebellar Purkinje cells expressed at least two and possibly
three distinct IP3Rs, suggesting heterogeneity of IP3 action
within a single cell. Sharp A H, Neuroscience, 1993, 53:927-
42, examined in detail the distribution of IP3 receptors in the
rat brain and spinal cord using immunohistochemical meth-
ods. IP3 receptors are present in neuronal cells, fibers and
terminals in a wide distribution of areas throughout the CNS,
including the olfactory bulb, thalamic nuclei and dorsal hom
of the spinal cord, in circumventricular organs and neuroen-
docrine structures such as the area postrema, choroid plexus,
subcommisural organ, pineal gland and pituitary. Ca2+
release mediated by the phosphoinositide second messenger
system is important in control of diverse physiological
processes. Studies of IP3 receptors in lymphocytes (T cells)
by Snyder’s group localized these receptors to the plasma
membrane. Capping of the T cell receptor-CD3 complex,
which is associated with signal transduction, was accompa-
nied by capping of IP3 receptors. The IP3 receptor on T cells
appears to be responsible for the entry of Ca®* that initiates
proliferative responses (Khan, A A et al., Science, 1992,
257:815-818)
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[0008] Further with regard to IP3, Wilcox R A et al,,
Trends Pharmacol Sci, 1998, 19:467-475, noted that recep-
tor-mediated activation of PLC to generate IP3 is a ubiqui-
tous signalling pathway in mammalian systems. A family of
three IP3 receptor subtype monomers form functional tet-
ramers, which act as IP3 effectors, providing a ligand-gated
channel that allows Ca®* ions to move between cellular
compartments. As IP3 receptors are located principally,
although not exclusively, in the endoplasmic reticular mem-
brane, IP3 is considered to be a second messenger that
mobilizes Ca** from intracellular stores contributing o a
variety of physiological and pathophysiological phenomena.
Patel S et al., Cell Calcium, 1999, 25:247-264, reviewed the
molecular properties of IP3 receptors. Several Ca**-binding
sites and a Ca**-calmodulin-binding domain were mapped
within the type I IP3 receptor, and studies on purified
cerebellar IP3 receptors suggested a second Ca®*-indepen-
dent calmodulin-binding domain. Overexpression of IP3
receptors provided further clues to the regulation of indi-
vidual IP3 receptor isoforms present within cells, and the
role that they play in the generation of IP3-dependent Ca™
signals. TP3 receptors may be involved in cellular processes
such as proliferation and apoptosis. Abdel-Latif AA. Exp
Biol Med (Maywood) 2001 March;226(3):153-63 reviewed
evidence, both from nonvascular and vascular smooth
muscle, for cross talk between the cyclic nucleotides, cAMP
and ¢cGMP via their respective protein kinases, and the
Ca**-dependent- and Ca**-independent-signaling pathways
involved in agonist-induced contraction. These included the
[P3-Ca**-CaM-myosin light chain kinase (MLCK) pathway
and the Ca**-independent pathways, including PKC, MAP
kinase, and Rho-kinase. Mikoshiba K et al., Sci STKE 2000
Sep. 26;2000(51):P, described the regulated release of cal-
cium from intracellular stores by the IP3 receptor and the
relationship of this release mechanism to calcium influx
from the extracellular milieu through store-operated calcium
channels. They disclosed a model of functional and physical
coupling of intracellular and plasma membrane calcium
channels.

[0009] Although AD is well known for its severe brain
damage and memory loss, pathological changes are manifest
elsewhere in the body and can be detected at the cellular
level. Skin fibroblasts lying in the deep layer of skin reveal
characteristic cellular and molecular abnormalities of AD
damage. Skin fibroblasts are readily obtained and cultured
for diagnostic purposes (U.S. Pat. No. 6,107,050, “Diagnos-
tic Test for Alzheimer’s Disease,” issued Aug. 22, 2000,
which is incorporated herein by reference). However, there
is a need for simpler, more economical, accurate and reliable
methods for diagnosis of Alzheimer’s disease.

[0010] Tt is known e.g. from U.S. Pat. No. 6,107,050,
Alkon et al., that differential effects of an activator of
intracellular Ca2+ release can be measured. Both healthy
and Alzheimer’s cell types exhibit a release of calcium from
storage, but Alzheimer’s cells exhibit a much greater release.
Known methods for measuring the release of Ca2+(i)
include fluorescent indicators, absorbance indicators or a
Ca2+“patch clamp” electrode, and others, and such methods
may be used for diagnostic purposes. However, there is a
tremendous need for more effective techniques for measur-
ing the differential effects of IP3R activators, for diagnostic,
research, and clinical purposes.
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SUMMARY OF THE INVENTION

[0011] The invention provides a method of diagnosing
Alzheimer’s disease in a patient comprising detecting the
presence or absence of an abnormally elevated level of a
phosphorylated indicator protein in cells of the patient after
activating the cells with a compound that stimulates phos-
phorylation of the indicator protein, the presence of such an
elevated level indicating a positive diagnosis for Alzhe-
imer’s disease.

[0012] The diagnostic method comprises measuring a
phosphorylation level of an indicator protein in cells of the
patient at a predetermined time after stimulating the cells
with an activator compound, and determining comparing the
stimulis abnormally elevated as compared to a basal phos-
phorylation level without stimulus.

[0013] The invention provides a method of diagnosing
Alzheimer’s disease in a subject, said method comprising:
(2) measuring a basal level of phosphorylation of an indi-
cator protein in cells from the subject; (b) contacting cells
from the subject with an activator compound, the activator
compound and indicator protein being selected such that the
activator elicits a differential response of activated phospho-
rylation of the indicator protein in cells of the subject as
compared to an activated phosphorylation response in cells
from a non-Alzheimer’s control subject at a predetermined
time after the contacting is initiated; (c) measuring an
activated phosphorylation level of the indicator protein in
said subject cells at the predetermined time after contacting
is initiated; and (d) calculating a ratio of the activated
phosphorylation level determined in step (c) to the basal
phosphorylation level of step (a); and (¢) comparing the
calculated ratio of step (d) to previously determined acti-
vated phosphorylation ratios measured from known Alzhe-
imer’s disease cells and from known non-Alzheimer’s dis-
ease cells at said predetermined time; wherein if the
calculated ratio is not statistically different from the previ-
ously determined ratios for said known Alzheimer’s disease
cells, the diagnosis is positive, and/or if the calculated ratio
is not statistically different from the previously determined
ratios for said known non-Alzheimer’s disease cells, the
diagnosis is negative.

[0014] The invention further provides a method of diag-
nosing Alzheimer’s disease in a subject comprising: in cells
of the subject, measuring a background phosphorylation
level of an indicator calcium signalling pathway protein
whose phosphorylation is associated with [P-3R-sensitive
Ca?* elevation in the cells; stimulating cells of the subject by
contact with an IP3R agonist that elicits a differential
response in the phosphorylation level of the indicator protein
in cells of Alzheimer’s subjects as compared to the level in
a non-Alzheimer’s control cell; thereafter, measuring a
response phosphorylation level of the indicator protein in the
contacted cells, and determining whether the response phos-
phorylation level of the indicator protein as compared to the
background level matches the response level known for a
cell from an Alzheimer’s subjects or from a healthy control
cell.

[0015] The methods may comprise first measuring the
background phosphorylation level of the indicator protein in
aculture of cells, then adding the IP3R agonist to the culture,
and measuring the response phosphorylation level. Or the
method may comprise measuring the background level in a
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first aliquot of cells, stimulating a similar aliquot of the cells,
and measuring the response level in the aliquot.

[0016] The activator compound may be an IP3-R agonist
selected from the group consisting of bradykinin, bombesin,
cholecystokinin, thrombin, prostaglandin F,, and vaso-
pressin.

[0017] The cells may be selected from the group consist-
ing of fibroblasts, buccal mucosal cells, neurons, and blood
cells.

[0018] According to the invention, a method of diagnosing
Alzheimer’s disease in a subject comprises (a) obtaining
cells from said subject; (b) measuring the basal level of
phosphorylation of an indicator protein in said cells; (c)
contacting said cells with an activator of phosphorylation of
the indicator protein; (d) measuring the phosphorylation
level of the indicator protein in said cells at a predetermined
time after initiation of the contacting; and (¢) calculating a
first ratio of the level measured in step (d) to the level
measured in step (b) and comparing said first ratio to a
previously determined second ratio of said levels obtained at
said predetermined time from known Alzheimer’s disease
cells and a third ratio of said levels obtained at said prede-
termined time from known non-Alzheimer’s disease cells;
wherein (i) if the first ratio of step (¢) is statistically not
different from the previously determined second ratio, the
diagnosis is positive, and (ii) if the first ratio of step (¢) is not
statistically different from the previously determined third
ratio, the diagnosis is negative. The predetermined time of
step (d) may be a time when the difference between the
second ratio and the third ratio of step () is greatest.

[0019] In the inventive methods, the measuring may com-
prise an immunoassay of disrupted cells, and the subject’s
cells may be contacted with an antibody specific for the
phosphorylated indicator protein, permitting the antibody to
bind to the indicator protein, and detecting the antibody
bound to the indicator protein. The immunoassay may be a
radioimmunoassay, a Western blot assay, an immunofluo-
rescence assay, an enzyme immunoassay, an immunopre-
cipitation assay, a chemiluminescence assay, an immuno-
histochemical assay, a dot blot assay, or a slot blot assay.

[0020] A further inventive method of diagnosing Alzhe-
imer’s disease in a subject comprises:

[0021] (a) incubating cells from said subject with a
compound in a diluent, wherein the compound
stimulates calcium signaling pathway-mediated
phosphorylation of an indicator protein, thereby pro-
ducing stimulated cells;

[0022] (b) before, at the same time or after step (a)
incubating cells of the same type from the subject
with a control compound or with said diluent,
thereby producing unstimulated control cells;

[0023] (c) comparing a level of the phosphorylated
indicator protein in the stimulated cells to a level of
phosphorylated indicator protein in the unstimulated
control cells, wherein an increase in the level of the
phosphorylated indicator protein in stimulated cells
as compared to the unstimulated cells indicates the
presence of Alzheimer’s disease.

[0024] The comparing step (c) may include the following
steps: (i) contacting a protein sample from said stimulated
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and/or said unstimulated cells with an antibody which
recognizes the phosphorylated indicator protein; and (if)
detecting the binding of said antibody to said indicator
protein.

[0025] The method may further comprise contacting a
protein sample from said stimulated and/or said unstimu-
lated cells with an antibody which recognizes an unphos-
phorylated form of said indicator protein, and detecting the
binding of said antibody and unphosphorylated indicator
protein, and normalizing the level of protein. The comparing
step may further include the step of obtaining a protein
sample from said stimulated and said unstimulated cells.

[0026] A method of diagnosing the presence of Alzhe-
imer’s disease in a subject may comprise the steps of: a)
stimulating cells from said subject with an activator com-
pound that increases phosphorylation of an indicator protein,
and b) comparing the level of unphosphorylated indicator
protein and phosphorylated indicator protein in stimulated
cells to the level of unphosphorylated indicator protein and
phosphorylated indicator protein in unstimulated cells of the
same type from said subject, wherein an increase in the
relative level of phosphorylated indicator protein in stimu-
lated cells as compared to unstimulated cells indicates the
presence of Alzheimer’s disease.

[0027] The invention provides a method of diagnosing
Alzheimer’s disease in a subject, comprising: contacting
cells from the subject with an agent that triggers intracellular
calcium release via the inositol 1,4,5-trisphosphate (IP3)
receptor, measuring the amount of phosphorylation of a
MAPK protein in the subject’s cells at one or more time
points after the contacting step, and comparing the amount
of phosphorylation of the MAPK protein in the subject’s
cells at the one or more time points with the amount of
phosphorylation in cells from a non-Alzheimer’s control
subject at the same time points after contacting the control
cells with the agent, wherein increased phosphorylation of
the MAPK protein in the subject’s cells compared to the
control cells is diagnostic of Alzheimer’s disease.

[0028] In the methods of the invention, the agent may be
bradykinin or a bradykinin receptor agonist, or bombesin,
and may be an agonist which induces IP3-mediated Ca®*
release.

[0029] The amount of phosphorylation may be measured
at a single time point after the contacting step. According to
the invention, the measuring may comprise measuring the
amount of phosphorylation in a first aliquot of the subject’s
cells at a first time point after the contacting step, and
measuring the amount of phosphorylation in a second ali-
quot of the subject’s cells at a second time point after the
contacting step. The time points may be about 0.5 minutes
or shorter, 1 minute, 2 minutes, 2.5 minutes, 5 minutes, 10
minutes, 20 minutes, 30 minutes, 45 minutes, or 1 hour, or
longer for some combinations of cell types, activators, and
indicator proteins.

[0030] The cells are typically from peripheral tissue, such
as skin fibroblasts.

[0031] The measuring step in the inventive methods
optionally comprises detecting phosphorylation in a lysate
of the subject’s cells, in vitro, and may comprise gel
electrophoresis, Western blotting, using an anti-phospho-
MAPK antibody and/or an anti-regular MAPK protein anti-
body.
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[0032] The increased phosphorylation may be an elevation
in the amount of phosphorylated protein at a single time
point or an increase in duration of the phosphorylated
protein

[0033] The methods are effective in diagnosis where the
subject lacks clinical manifestations of Alzheimer’s disease.

[0034] According to the invention, the methods may fur-
ther comprise contacting the subject’s cells with one or more
inhibitors selected from the group consisting of an inhibitor
of protein kinase C activity, an inhibitor of PI-3 kinase
activity, an inhibitor of C-src protein tyrosine kinase activity,
an inhibitor of the IP-3 receptor and an inhibitor of a protein
phosphatase. Also, by way of characterizing a particularly
discriminating embodiment of the invention, the methods
may be characterized as having the increased phosphoryla-
tion inhibited by contacting the subject’s cells with an
inhibitor selected from the group consisting of an inhibitor
of protein kinase C activity, C-src protein tyrosine kinase
activity, PI-3 kinase activity, and the IP-3 receptor. In such
methods said inhibitor can be sclected from the group
consisting of BiSM-1, PP1, and 2-aminoethoxydiphenyl
borate.

[0035] The invention further provides a method for
screening compounds to identify a compound useful for
treatment or prevention of Alzheimer’s disease comprising:

[0036] contacting test cells from an AD subject with
a compound being screened,

[0037] before, during, or after the contacting step,
stimulating the test cells with an agent that triggers
intracellular calcium release via the inositol 1,4,5-
trisphosphate (IP3) receptor, measuring the amount
of phosphorylation of a MAPK protein in the test
cells at one or more time points after stimulating the
test cells,

[0038] comparing the amount of phosphorylation of
the MAPK protein in the test cells at the one or more
time points with the amount of phosphorylation at
the same one or more time points in control cells
from an AD subject that are not contacted with the
compound.

[0039] The methods may further comprise accepting a
compound that inhibits or prevents the increased phospho-
rylation as a lead compound, and rejecting a compound that
does not inhibit or prevent the increased phosphorylation. As
in all the methods of the invention, the agent may be
bradykinin or a bradykinin receptor agonist and the the
MAPK protein may be Erk1/2. The methods may comprise
measuring the amount of phosphorylation at a single time
point after the contacting step.

[0040] A further embodiment provides a method of
screening compounds for usefulness as activator compounds
in a stimulus-response assay, comprising measuring the
effect of the compound on phosphorylation of an indicator
protein in AD cells and control cells and selecting a com-
pound that increases phosphorylation of the indicator protein
in amount and/or duration in AD cells as compared to
control cells.

[0041] Another embodiment of the invention is a diagnos-
tic test kit for Alzheimer’s disease comprising anti-phospho-
MAPK protein antibody and bradykinin.
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[0042] An embodiment provides a method for selecting
medication for an Alzheimer’s patient comprising selecting
a possible therapeutic compound, administering the possible
therapeutic compound to the patient, and thercafter, detect-
ing the presence or absence of an abnormally elevated level
of a phosphorylated indicator protein in cells of the patient
after activating the cells with a compound that stimulates
phosphorylation of the indicator protein, the presence of
such an elevated level indicating that the possible therapeu-
tic compound is not effective for the patient, and the absence
of such a level indicating that the possible therapeutic
compound is therapeutic for the patient. The method may
further comprise treating or preventing Alzheimer’s disease
in the subject by administering to the subject the compound
shown to be therapeutic for the patient.

[0043] The invention provides a method of treating or
preventing Alzheimer’s disease in a subject comprising
administering an effective amount of a medicament that

[0044] (a) inhibits or prevents abnormally elevated
phosphorylation of a MAPK protein in cells of the
subject as compared to control cells; and/or

[0045] (b) inhibits events caused by abnormally
elevated phosphorylation of said MAPK protein.

[0046] The medicament may inhibit Erk1/2 phosphoryla-
tion, and may be an inhibitor of protein kinase C activity. src
protein tyrosine kinase activity, or the IP-3 receptor. The
inhibitor may be selected from the group consisting of
BiSM-1, PP 1, and 2ABP.

[0047] In particular, the invention provides a method of
diagnosing Alzheimer’s disease in a subject, comprising:

[0048] (a) contacting skin fibroblast cells from the
subject and from a non-Alzheimer’s control subject
with an effective, phosphorylation-stimulating con-
centration of bradykinin,

[0049] (b) measuring the amount of phosphorylated
Erk1/2 in the subject’s cells at one or more time
points selected from the group consisting of 2 min-
utes, 5 minutes, 10 minutes, 20 minutes, and 30
minutes, by Western blotting using an antibody spe-
cific for phospho-Erk1/2;

[0050] (c) measuring the amount of phosphorylated
Erk1/2 in cells from a non-Alzheimer’s control sub-
ject at the same time point or points as in (b) by
Western blotting using an antibody specific for phos-
pho-Erk1/2, wherein the amount of phosphorylated
Erk1/3 in steps (b) and (c) is normalized to the
amount of protein present in said cells;

[0051] (d) comparing the amount of phosphorylated
Erk1/2 in the subject’s cells with the amount of
phosphorylated Erk1/2 in the control cells at said
time points, wherein an increased amount of phos-
phorylated Erk1/2 in the subject’s cells compared to
the control cells at one of more of said time points is
diagnostic of Alzheimer’s disease.

[0052] The method may further comprise contacting the
subject’s cells with one or more inhibitors selected from the
group consisting of the inhibitor of protein kinase C activity,
BiSM-1, the inhibitor of C-src protein tyrosine kinase activ-
ity, PP1; and the inhibitor of the IP-3 receptor, 2-aminoet-
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hoxydiphenyl borate, wherein the bradykinin-induced
increase in the amount of phosphorylated Erk1/2 in the
subject’s cells compared to the control cells is reduced by
said inhibitor.

[0053] A further embodiment of the invention provides a
method for screening compounds to identify a compound
useful for treatment or prevention of Alzheimer’s disease
comprising:

[0054] (a) contacting test skin fibroblasts from an AD
subject with a compound being screened;

[0055] (b) contacting control skin fibroblasts from said
subject with a control agent for said compound or
incubating said control fibroblasts in the absence or
either said compound or said control agent;

[0056] (c) before, during, or after step (a) and (b)
stimulating the test and the control fibroblasts with an
effective, phosphorylation-stimulating concentration of
bradykinin,

[0057] (d) measuring the amount of phosphorylated
Erk1/2 in the test and in the control fibroblasts at one
or more time points selected from the group consisting
of 2 minutes, 5 minutes, 10 minutes, 20 minutes, and 30
minutes, by Western blotting using an antibody specific
for phospho-Erk1/2, wherein the amount of phospho-
rylated Erk1/3 is normalized to the amount of protein
present in said test and control fibroblasts;

[0058] (¢) comparing the amount of phosphorylated
Erk1/2 in the test fibroblasts with the amount of phos-
phorylated Erk1/2 in the control fibroblasts, to deter-
mine whether the compound inhibits or prevents brady-
kinin-induced increase in phosphorylation of Erk1/2 in
the test cells compared to the control cells,

[0059] wherein a compound that inhibits or prevents the
increased phosphorylation is identified as useful for the
treatment of prevention of Alzheimer’s disease.

[0060] A method of the invention is a method of reducing
proteolysis of amyloid precursor protein, secretion of amy-
loid protein {3, and/or phosphorylation of tau protein in a
human cell, the cell having increased IP3 receptor mediated
phosphorylation of MAPK protein compared to a control
human cell, comprising contacting the cell with an inhibitor
of phosphorylation of MAPK effective to reduce phospho-
rylation to the level in the control cell

[0061] The elements of the invention recited herein may
be combined or eliminated among the particular embodi-
ments described, as would be apparent to a person of
ordinary skill.

BRIEF DESCRIPTION OF THE DRAWINGS

[0062] FIGS. 1Al, 1A2 and 1B. Time course of the
BK-stimulated activation of Erk1/2. AD cells and cells from
age-matched normal controls (“AC”) were treated with 10
nM BK for different times and the reactions were terminated
as described in the Examples. To the control for each cell
line was added the same volume of PBS. The top images
were representative Western blots for activated Erk1/2
(P-Erk1/2) from AD and AC cells. The mean density of each
sample was normalized to the total amount of protein, which
was determined using a anti-“regular MAP kinase” antibody
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(R-Erk1/2). Statistical significance of values from 11 inde-
pendent cell lines was evaluated by an unpaired Student’s
t-test. Results are summarized and presented in the lower
graph.

[0063] FIGS. 2A and 2B. Scatter plot-comparing phos-
phorylation of Erk1/2 between AD and AC cells after 10 min
of BK stimulation (FIG. 2A). Cells from 20 AD patients and
22 age-matched controls were treated with BK and pro-
cessed as described in the description of FIG. 1. Activated
and the total Erk1/2 were detected by Western blotting with
appropriate antibodies. Results were processed and analyzed
as described for FIG. 1. FIG. 2B shows BK-stimulated
Erk1/2 phosphorylation from three independent replications
for each randomly selected cell line.

[0064] FIGS. 3Al1, 3A2, 3B1 and 3B2. Immunocy-
tochemical staining of activated Erk1/2 in the human fibro-
blasts. Fibroblasts from AD patients and the age-matched
controls were cultured on glass cover slips and stimulated
with 10 nM BK for 10 min. Activated Erk1/2 was detected
with an anti-phospho-Erk1/Erk2 antibody. The results
showed that there were no apparent difference in AC cells
(top image) between pre- and after BK treatment. In the AD
cells, however, highly enhanced immunofluorescent signals
(lower right image, 3B2) were seen in the BK-treated cells
(10 min).

[0065] FIGS. 4A1, 4A2, 4B1, 4B2, 4C1, 4C2, 4D1 and
4D2. Effects of different inhibitors on BK-stimulated acti-
vation of Erk1/2: Fibroblasts from AD patients and the
age-matched controls were respectively preincubated at 37°
C. with 50 uM 2APB for 30 min (FIG. 4A); 5 uM BiSm-1
for 15 min (FIG. 4B); 10 uM PP1 for 15 min (FIG. 4C) and
5 uM LY294002 for 15 min (FIG. 4D). A second flask of
cells of each cell line was incubated with an identical
volume of DMSO vehicle. At the end of incubation, cells
were treated with 10 nM BK for 5 min before the reaction
was terminated. The activated and “regular” forms of Erk1/2
were then detected in Western blots with the two antibodies
described above. The panels at left show representative
Western blots and the graphs at right summarize results from
11 cell lines from both AD and AC. ** p<0.001; * p<0.05.

[0066] FIGS. 5A, 5B1, 5B2, 5C1 and 5C2. Changes in
phosphorylation of, and amounts of CREB after BK stimu-
lation. AC and AD cells were treated with 10 nM BK for 5
or 10 min. Phosphorylated CREB (P-CREB) was measured
using a anti-phospho-CREB-Ser133 antibody on Western
blots. The mean densities of P-CREB were normalized
against the total amount of CREB measured using an
anti-“regular CREB” antibody and subjected to statistic
analyses. FIG. 5A shows the BK-induced CREB phospho-
rylation at 5 and 10 min post-treatment. FIG. 5B shows a
representative blot of P-CREB at 10 min after BK treatment.
FIG. 5C shows that the total amount of CREB was signifi-
cantly reduced after 10 min BK treatment.

[0067] FIGS. 6Al, 6A2, 6B1, 6B2, 6C1 and 6C2. Effects
of different inhibitors on BK-stimulated phosphorylation of
CREB. AC and AD cells were preincubated at 37° C. for 15
min with 5 uM BiSM-1 (FIG. 6A), 10 uM PP1 (FIG. 6B),
or 5 uM Ly294002 (FIG. 6C) before incubation with 10 nM
BK for 10 min. Normalization was performed as with FIGS.
5A-5C and statistical significance of differences were evalu-
ated by 2-way ANOVA. ** p<0.0001; * p<0.05.

[0068] FIGS. 7A and 7B. Distribution of BKb2 receptor
in the human skin fibroblasts. Fibroblasts were incubated
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with an anti-BKb2 receptor antibody followed by a fluores-
cein-labeled secondary antibody. The top panel shows the
differential interference contrast (DIC) image of the cells,
and the lower panel shows the immunofluorescence of the
BK b2 receptor in fibroblasts.

[0069] FIG. 8. The effect of bradykinin on phosphoryla-
tion of Erk1/2 on fibroblasts from individuals with Hunting-
ton’s dementia (HD). N=4 and P=0.39, t test.

DETAILED DESCRIPTION OF THE
INVENTION

[0070] According to the invention, an activator, or agent
that stimulates an IP3 mediated intracellular calcium release
is one which can be identified by a person of ordinary skill
in the art using the methods disclosed herein, based on
published information about the IP3 receptor and related
pathways, as described in the background.

[0071] An abnormally elevated level or ratio of stimu-
lated/unstimulated phosphorylation levels means one which
exceeds a previously determined level for known non-
Alzheimer’s disease cells at a predetermined time, by an
amount that is statistically significantly characteristic of
Alzheimer’s disease cells and not characteristic of non-
Alzheimer’s disease cells.

[0072] The term indicator protein, or MAPK protein,
generally used interchangeably herein, means a protein
which is phosphorylated as part of the calcium signaling
pathway, in response to administration of an activator com-
pound, and whose degree of phosphorylation is differentially
higher in AD cells than control cells. The indicator protein
may be a calcium signaling pathway protein whose phos-
phorylation is associated with IP3R-sensitive Ca>* elevation
in the cells. Indicator/MAPK proteins include those which
are phosphorylated in response to IP3R mediated calcium
release, such as Erk1/2.

[0073] The activation or stimulation of cells means that
the intact cells are contacted with the activator in vitro,
typically by adding a solution containing the activator
compound, or otherwise as would be known to a person of
ordinary skill in the art.

[0074] An activator compound is one that, upon introduc-
tion to human cells, stimulates phosphorylation of the indi-
cator protein. Activator compounds elicit a differential
response in the phosphorylation level of the indicator protein
in cells of Alzheimer’s subjects as compared to the level in
control cells of a non-Alzheimer’s subject. Activator com-
pounds are effective when delivered in cell culture medium.
Activator compounds may be referred to as IP3R agonists
because they induce an IP3R mediated intracellular Ca**
elevation, either directly or indirectly.

[0075] The phosphorylation level of an indicator protein is
generally determined by measuring the amount of phospho-
rylated indicator protein and, optionally, of unphosphory-
lated indicator protein, and normalizing the amount of
phosphorylated protein to the total of indicator protein in the
sample being analyzed. The calculated response phospho-
rylation level and the basal or background phosphorylation
levels are thus not affected by differences in the absolute
quantity of the indicator protein at a given time.

[0076] The discriminatory time point, or predetermined
time after stimulating the cells with the activator compound



US 2005/0059092 A1

is selected to achieve a calibrated statistically significant
difference between the phosphorylation level of indicator
protein in known AD cells and known control cells. The
difference may be maximal at the predetermined time but
that is not required and depends on other parameters of the
test.

[0077] For any given activator compound, there are a
finite number of suitable indicator proteins and vice versa.
According to the invention, the activator compound and
indicator protein combination is selected such that the
activator elicits a differential response in the phosphoryla-
tion level of the indicator protein in cells of Alzheimer’s
subjects as compared to the level in a healthy control cells
at a predetermined time after contacting the cells with the
activator. A person of ordinary skill may select suitable
indicator proteins and activator compounds by determining
whether such a differential phosphorylation occurs. Having
selected a set of indicator proteins and activator compounds,
the assay parameters may then be optimized as to the
discriminatory time point, suitable concentrations of the
protein and activator, suitable antibodies to the phosphop-
roteins or unphosphorylated proteins, or other detection
means, and so on.

[0078] Calculation of a ratio of the activated phosphory-
lation level to the basal phosphorylation level may of course
be reversed. That is, for convenience we refer to the acti-
vatedibasal ratio being higher than a known level, it is
apparent to those skilled in the art that reversing the numera-
tor and denominator in the ratio gives the same result if the
viewed from the perspective of the unactivated phosphory-
lation is considered lower than a known level. Thus, where
calculation of the ratio is described one way herein it is to
be understood to encompass calculating the inverse as is
apparent to a person of ordinary skill. Also, whereas the
calculation of ratios as described herein is beneficial in
providing useful comparative numbers, calculation of abso-
lute differences between activated and basal phosphoryla-
tion levels, and between test subjects and control subjects,
could also be employed and would be effective according to
the invention

[0079] The previously determined ratios for known Alzhe-
imer’s disease cells and non-Alzheimer’s disease cells at the
predetermined or discriminatory time may be written in a
chart or set forth in a computer database from which
diagnostic results may be determined. Accordingly, in prac-
tice, a diagnostic test is performed, an activated/basal phos-
phorylation ratio is calculated, and if the calculated ratio is
the same as or greater than the previously determined ratio
for known Alzheimer’s disease cells, the diagnosis is posi-
tive. If the calculated ratio is less than the previously
determined ratio for known non-Alzheimer’s disease cells,
the diagnosis is negative.

[0080] The present invention provides a diagnostic test for
AD that comprises measurement of the response of a MAP
kinase (MAPK) protein to BK stimulation. The response in
AD cells is compared to the response in cells from age-
matched controls (which may include subjects with other
diseases, including other diseases associated with dementia).
In a preferred embodiment, the test is based on the detection
of abnormally high phosphorylation of Erk1/Erk2 in skin
fibroblasts as diagnostic of the presence of AD (of both
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familial and non-familial type) after stimulation of the cells
with BK. Evaluation of phosphorylation may be by Western
blotting or other approaches.

[0081] Phosphorylation is a biochemical reaction in which
a phosphate group is added to Ser, Thr or Tyr residues of a
protein and is catalyzed by protein kinase enzymes. Phos-
phorylation normally modifies the functions of target pro-
teins, typically causing activation. As part of the cell’s
homeostatic mechanisms, phosphorylation is only a tran-
sient process which is reversed by other enzyme called
phosphatases. Any aberration in either side of the reaction
(phosphorylation vs. dephosphorylation) can disrupt cellular
function. These disruptions may be the fundamental under-
pinnings of various brain diseases.

[0082] According to the invention abnormal phosphory-
lation activity producing elevated phosphorylation of indi-
cator proteins in response to calcium signaling pathway
modulators can be detected in AD patients in a diagnostic
analysis. The abnormality is an increase or decrease of
phosphorylation at a given time relative to the levels in a
healthy patient’s cells. Detection of AD-specific differences
in MAPK in any peripheral tissue (i.., outside the central
nervous system) serves as the basis for an economical test
for early diagnosis of AD and for screening and identifica-
tion of therapeutic targets for drug development. Thus, this
invention provides methods, reagents, and kits for detecting
the presence or absence of AD.

[0083] MAPK enzymes play a central role in conveying
extracellular signals to the cell nucleus leading to control of
gene expression. They are also involved in regulating phos-
phorylation of the microtubule-associated protein tau and
generation and secretion of the  amyloid protein, events
critical to the pathogenesis of AD. According to the inven-
tion, abnormally prolonged phosphorylation of the MAPK
Erk1/2 occurs in, and 1s detected in, AD fibroblasts in
response to stimulation by BK when compared to age-
matched controls.

[0084] Although the present inventors conducted their
initial tests with BK as the stimulus, it is to be understood
that BK represents but one way to achieve stimulation of
cellular IP3 receptors. Accordingly, reference herein to BK
should be interpreted to encompass other suitable activator
or stimulus compounds. This stimulation serves as the
common step that results in the heightened Erk1/2 phospho-
rylation characteristic of AD. Indeed, it was observed that
inhibition of the IP3 receptor totally abolished the BK-
stimulated Erk1/2 phosphorylation suggesting that the IP3-
sensitive Ca™* release accounts for this outcome. The AD-
specific increases in Erkl/2 phosphorylation were also
associated with enhanced expression of genes for PKC and
MAP kinase kinase (also known as “MAPK/Erk kinase or
MEK) isoforms in AD cells, as well as reduced expression
in genes for phosphatase 1, 2A, and 2B which dephospho-
rylate the microtubule-associated protein tau and MAPK.
The alterations of gene expression in AD cells may change
the balance of activities between protein kinases and phos-
phatases that could contribute to this AD-specific prolonged
Erk1/2 activation, as well as to the hyperphosphorylation of
tau that forms neurofibrillary tangles in the AD brain.
Detection of these Erk1/2 abnormal activities in skin fibro-
blasts reflects similar changes in the brain, and thus is
diagnostic of the early pathophysiology of AD.
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[0085] Thus, according to the invention, BK stimulation
evokes an abnormally prolonged increase in phosphoryla-
tion of Erk1/2 in AD fibroblasts, a change that depends upon
IP3 receptor-mediated Ca** release. While the IP3 kinase
appears to be involved in the BK-stimulated Erk1/2 phos-
phorylation in cells from non-AD controls, this phosphory-
lation of Erk1/2 in the AD cells is IP3 kinase-independent.

[0086] The AD-specific increase in Erk1/2 phosphoryla-
tion was subsequent to the IP3-mediated Ca™ release.
Protein Kinase C (PKC) and the nonreceptor protein
tyrosine kinase (PTK) c-Src are involved in the upstream
signaling pathway of the Erk1/2 activation, indicating by the
results that both the PKC inhibitor bisindolylmaleimide-1
and the c-Src inhibitor, PP1, completely abolished the BK-
stimulated Erk1/2 phosphorylation. The PI-3 Kkinase,
LY924002, partially inhibited the BK-stimulated Erk1/2
phosphorylation in the control, nonAD cells, but showed no
effect in the AD cells, suggesting the BK-induced Erk1/2
phosphorylation may involve signaling pathways indepen-
dent of PI-3 kinase.

[0087] Activation of cAMP-responsive element binding
protein (CREB), measured as an increase in phosphorylation
at Ser-133 was also observed after BK stimulation. Similar
to Erk1/2 phosphorylation, the BK-induced CREB phospho-
rylation was completely inhibited by inhibitors of PKC and
c-stc in both AC and AD cells. Only the CREB phospho-
rylation in the AC but not the AD cells was partially
inhibited by IP-3 kinase inhibitor LY-294002.

[0088] These results suggest a derangement of signaling
pathways in response to BK in AD cells leading to abnor-
mally enhanced and prolonged Erk1/2 phosphorylation and
activation which, in turn perturb cellular processes such as
gene ftranscription, APP (amyloid precursor protein) pro-
cessing and tau protein phosphorylation, all of which under-
lie the pathogenesis of AD. The understanding of alterations
in these pathways may also help explain the early memory
loss that 1s a hallmark of AD. Moreover, detection of
AD-specific differences in MAPK in peripheral tissues pro-
vides (1) an efficient means for early diagnosis of AD and (2)
a biochemical basis for identifying therapeutic targets for
drug development.

[0089] In view of the foregoing, and because the same cell
may use different combinations of intracellular Ca**-releas-
ing messengers to encode different external messages, any
agent that is capable of stimulating IP3 receptors to cause
release of internal stores of calcium, may be used in the test
of the present invention an inducer of the increased Erk1/2
phosphorylation characteristic of AD cells. Again, BK is but
one such agent, and other BK receptor agonists are similarly
useful. Molecules that are ligands for the IP3 receptor may
also be used. Because the IP3 receptor is regulated by ATP,
calcium, and phosphorylation by protein kinase A, protein
kinase C, and Ca** caltiodulin-dependent protein kinase 11
(CaM kinase II), agents that modulate the levels or activities
of ATP or these kinases can achieve similar effects and can
substitute for BK in the present invention.

[0090] One such agent is the 14 amino acid peptide
bombesin (Anastasi A. et al., Arch Biochem Biophys, 1972,
148:443-446); Woodruff G N et al., Ann N Y Acad Sci, 1996,
780:223-243, or biologically active analogues or fragments
thereof (Rivier J E et al., Biochemistry, 1978, 17:1766-71;
Orloff M S et al., Peptides, 1984 5:865-70; Walsh, J H et al.,
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Peptides, 1985, 6 Suppl 3:63-68). Another is cholecysoki-
nin. For bombesin and cholecytokinin induced calcium,
signaling via IP3 and IP3 receptors, see, .., Cook S Jet al,,
Biochem J, 1990, 265:617-620 Schulz I et al., Biol Chem,
1999, 380:903-908; Burdakov D, et al., Curr Biol, 2000,
10:993-996 Although the test is exemplified herein using
skin fibroblasts, other cells that are as or more convenient to
obtain and process may be used in the test of this invention,
thus blood cells, preferably lymphocytes or monocytes, are
easily prepared from peripheral blood and used in accor-
dance with this invention. A person of ordinary skill can
calibrate the suitable time points and experimental condi-
tions to obtain a diagnostic method based on such cells,
using suitable indicator proteins and activator compounds.

[0091] The present inventors discovered that the activity
of an important enzyme, MAPK, meaning mitogen-acti-
vated protein kinase (MAP kinase) was stimulated for an
abnormally prolonged interval in Alzheimer’s disease skin
fibroblasts compared to cells from age-matched controls.
The Examples below show that phosphorylation of Erk1/2
was prolonged in AD fibroblasts upon stimulation with BK.
IP3 receptor-mediated Ca®* release, and the activity of PKC
and of the nonreceptor protein tyrosine kinase (PTK) c-Sre
are essential for this Erk1/2 phosphorylation. Although an
IP3 kinase appears to be involved in BK-stimulated Erk1/2
phosphorylation in AC cells, the same phosphorylation in
AD cells is IP3 kinase-independent.

[0092] According to the invention, cells are stimulated
with an agent that stimulates the IP3 receptor to release
intracellular calcium; examples of such agents are BK and
its analogs. BK is a potent nonapeptide that binds to and
activates specific BK receptor(s), which, in turn triggers a
cascade of molecular events inside the cell including stimu-
lation of IP3 receptor and the phosphorylation of MAPK
proteins. Phosphorylation is a biochemical reaction in which
a phosphate group is attached to a protein initiated by an
enzyme called protein kinase; it normally modifies functions
of target proteins and usually causes activation of a protein.
Cells need to maintain a balanced system for their functions
so phosphorylation is only a transient process, which needs
to be reversed by another enzyme, called phosphatase. Any
aberration in either side of the reaction (phosphorylation vs.
dephosphorylation) will break the integrity molecular net-
work and disrupt cellular functions. These disruptions may
be the fundamental underpinnings of various brain diseases.

[0093] Such long-lasting phosphorylation of MAPK in
AD fibroblasts indicates abnormally enhanced activity of
this enzyme in those cells. This AD-specific effect appears to
be related to other abnormal cellular and enzymatic activi-
ties. The prolonged MAPK phosphorylation was secondary
to excessive Ca* release mediated by IP3 receptors from a
specific store inside the cell.

[0094] Phosphorylation of MAPK was partially dependent
on PI3 kinase activity, and a PI3 kinase-dependent mecha-
nism was shown to be involved in phosphorylation of
MAPK in AD cells.

[0095] In comparing the gene expression profile in AD
cells with the age-matched control cells, the present inven-
tors found that expression of PKC and MEK was increased
in AD cells. Both PKC and MEK are upstream molecules
that catalyze phosphorylation of MAPK. The present inven-
tors also found reduced expression of several phosphatases
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that dephosphorylate MAPK. Therefore, the imbalance, ic,
combined changes in the amounts and activities of enzymes
that regulate MAPK phosphorylation account for the diag-
nostically-useful difference in AD cells—prolonged MAPK
phosphorylation.

[0096] This is the first discovery of abnormally enhanced
MAPK activity in AD. The MAPK family of enzymes
performs crucial steps in cell signaling from the cell mem-
brane to the nucleus. They are stimulated by a variety of
signals (c.g., mitogens) acting at the cell surface and leading
to cell division (mitosis), a process required for growth and
development, as well as replacement and/or repair of cells
damaged by injury or disease.

[0097] MAPK also plays an important role in transmitting
signals in neurons that underlie functions such as learning
and memory formation. MAPK also regulates secretion of
the amyloid peptide BAP and phosphorylation of tau protein
in brain cells. Accumulation of pAP outside nerve cells and
excessive phosphorylation of tau are highly toxic to neurons,
leading to plaques and neurofibrillary tangles (NFT), respec-
tively. Indeed these are two characteristic pathological fea-
tures in AD brains.

[0098] According to the present invention, abnormally
enhanced MAPK activity contributes to aberrant amyloid
processing and tau protein function. The present results
provide new insights into molecular substrates for normal
memory formation in the brain as well as pathophysiology
of AD. This latter understanding is expected to lead to the
identification of new molecular targets for prevention and
treatment of the disease.

[0099] More practically for now, the present results have
immediate clinical diagnostic significance. Because (a) skin
fibroblasts manifest the alternations in MAPK activity char-
acteristic of AD, both familial and non-familial, (b) skin
fibroblasts are so easily obtained (vs. brain tissue), a, a
diagnostic test based on MAPK performed on skin fibro-
blasts provides an simple and economic test for early
diagnosis of AD.

[0100] The present new discoveries are consistent with
finding by others that excessive calcium signaling was
detectable in BK-stimulated AD fibroblasts (Ito et al., 1994,
Gibson et at., 1996; Etcheberrigaray, et al., 1998).

EXAMPLE 1

[0101] The present study used skin fibroblasts from 20 AD
patients with ages ranging from 52-67 years and from 22
age-matched controls. Some of the samples were previously
banked cells, while others were freshly collected and cul-
tured from human skin.

[0102] Materials and Methods

[0103] Banked skin fibroblasts from familial (FAD) and
nonfamilial (nFAD) AD patients and from the age-matched
controls (AC) were purchased from the Coriell Institute for
Medical Research. The medium was Dulbecco’s modified
Eagle’s medium (DMEM; Gibco BRL) supplemented with
fetal bovine serum (FBS; Bio Fluids). Bradykinin, diphe-
nylboric acid 2-aminoethyl ester (2ABP), protease and phos-
phatase inhibitor cocktails were from Sigma; bisindolylma-
leimide-1 (BiSM-1) and LY294002 were from Alexis; PP1
was from Dr Anthony Bishop, Princeton University. Anti
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Phospho-Erk1/2, anti-phospho-CREB, and anti-CREB anti-
bodies were from Cell Signaling Technology. Anti-Erk1/2
antibody was from Upstate Biotechnology. 4-20% SDS-mini
gels were from Invertrogene Novex. Nitrocellulose mem-
branes were from Schleicher & Schuell. All the SDS elec-
trophoresis reagents were from BioRad. SuperSignal chemi-
luminescent substrate kit was from Pierce.

[0104] Culture of AC and AD fibroblasts: Banked fibro-
blasts from Alzheimer’s disease patients including both
familial (FAD) nonfamilial (nFAD) types, and from the
age-matched controls (AC) were maintained and passaged in
T-25/T75 flasks with the DMEM+10% FBS. Cells were
from subjects ranging in age from 52 to 67 years and over
80% of the samples were from males. The cells were used
during passages 6-17.

[0105] Processing and culture of fibroblasts from fresh
biopsies: The collection and culture of fibroblasts from
freshly obtained skin tissue were performed as follows.
Punch biopsy skin tissues from NFAD patients and the
age-matched controls were taken by qualified personnel at
Copper Ridge Institute (Sykesville, Md.) and Johns Hopkins
Hospital (Baltimore, Md.) under an approved protocol.
Samples were placed in 1xPBS and transported in transfer
medium to the laboratory for processing. Tissue was
removed from transfer medium, rinsed with PBS and
chopped into 1 mm explants. The explants were transferred
individually onto the growth surface of vented T-25 flasks
with 3 ml of biopsy medium containing 45% FBS and 100
U/ml Penicillin and 100 U/ml streptomycin (Pen/Strep). The
tissues were cultured at 37° C. for 24 hours before addition
of 2 ml of biopsy medium containing 10% FBS. The
medium was replaced, after 48 hours, with 5 ml of regular
culture medium containing 10% FBS and Pen/Strep. The
cells were then passaged and maintained as above.

[0106] Treatment of fibroblast cells with different phar-
macological agents: Fibroblasts were treated with BK, and
various inhibitors. These include the IP3 receptor inhibitor,
diphenylboric acid 2-aminoethyl ester (2ABP, the protein
kinase C inhibitor Bisindolylmaleimide I (BiSM-1), C-src
protein tyrosine kinase inhibitor PP1, and PI3 kinase inhibi-
tor [Y294002.

[0107] Banked AC and AD fibroblasts were grown to
80-100% confluence before they were “starved” in a serum-
free DMEM overnight. Cells were treated with 10 nM BK
at 37° C. for different intervals to establish a time course for
BK effects. The same volume of PBS was added to a control
flask of cells of each line. The reaction was terminated by
removing the medium, rapidly rinsing the cells with pre-
cooled PBS, pH 7.4, and transferring the flask onto dry
ice/ethanol.

[0108] Cells from fresh biopsy tissue were incubated with
an optimal concentration of BK, 0.1 nM for 10 min at 37°
C.

[0109] For inhibition studies, cells were preincubated with
the following concentration of inhibitor at 37° C. for the
intervals indicated: 2ABP (50 uM for 30 min); PP1 (10 uM
for 15 min); Ly294002 (5 M for 15 min); and BiSM-1 (5
4M for 15 min). A parallel control flask was incubated with
an identical volume of DMSO vehicle. At the end of this
incubation, the same inhibitor at the indicated concentration
was added and followed immediately by BK to a final
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concentration of 10 nM. BK (10 nM) was also added to
DMSO controls. Basal controls were cells to which neither
BK nor inhibitors were added. After a 5-min incubation at
37° C., the reaction was terminated as above.

[0110] Cell lysates were prepared from cells of the various
groups Flasks were moved from dry ice/ethanol to ice water.
Each flask received 1 ml of lysis buffer (10 mM Tris pH 7.4,
150 mM NaCl, 1 mM EDTA, 1 mM EGTA, pHS, 0.5%
NP-40, 1% Triton X-100, 1% protease inhibitor cocktail
(Sigma), 1% cocktail of serine/threonine (Ser/Thr) phos-
phatase inhibitor and tyrosine (Tyr) phosphatase inhibitor
(Sigma). After rocking on an end-to-end shaker in a cold
room for 30 min, cells were collected from cach flask with
a cell scraper. Cells were sonicated, centrifuged at 5000 rpm
for 5 min, and a sample of the supernatant was subjected to
Western blotting.

[0111] Western blotting: Cell lysates were boiled in an
equal volume of 2xSDS-sample buffer for 10 min. Proteins
from each sample were resolved on a 4-20% mini gradient
gel and transferred onto a nitrocellulose membrane. Phos-
phorylated Erkl1/2 was detected with anti-phospho-Erk1/2
antibody using the SuperSignal ECL detection kit. In order
to normalize the amount of phosphorylated Erk1/2 against
the total amount of Erk1/2, the same membrane blotted with
the antibody was stripped with a stripping buffer (62.5 mM
Tris-HCl pH6.7, 2% SDS and 100 mM 2-mercaptoethanol)
at 60° C. for 45 min. After washing with 10 mM PBS pH 7.4
containing 0.01% Tween-20 (3xat 10 min), the membrane
was blotted with an anti-non-phospho-Erk1/2 antibody,
which allowed calculation of the total amount of Erk1/2
loaded on the gel.

[0112]

[0113] Data analysis: Signals from phosphorylated and
nonphosphorylated Erk1/2 (or CREB) were scanned with a
Fujifilm L.AS-1000 Plus scanner. The mean optical density
of ecach protein band was measured using NIH Image
software. Values from the phosph-Erk1/2 signals were nor-
malized respectively against the total signal of Erk1/2. After
normalization, data from treated cells was converted to a
percentage of the basal control and subjected to statistical
analyses.

[0114] Immunocytochemistry: Fibroblasts were grown on
the surface of glass coverslips coated with 0.02 mg %
polylysine. After treatment with BK as above, cells were
rapidly rinsed with cold PBS, fixed with 4% formaldehyde
in PBS at room temperature for 15 min, washed with PBS
3 times 5 min each, and penetrated with 0.1% TritonX-100
in PBS at room temperature for 30 min. After incubated with
10% normal horse serum in PBS at room temperature for 30
min, cells were incubated with anti-Phospho-Erk1/2 anti-
body (1:200) at 4° C. overnight. Coverslips were washed
with PBS 3 times, and fluorescein-labeled anti-mouse IgG,
1:200 (Vector Lab) was added and allowed to incubate at
room temperature for 60 min. Following three washes with
PBS, and sealing with Vectashield (Vector Lab), immun-
ostaining signals in the cells were observed in a florescence
microscope. The intensity of the fluorsecent signals was
measured with BioRad Quantity One® software (BioRad).
For localization of BK receptors in the fibroblasts, a mono-
clonal anti BK B2 antibody was applied to the normal
fibroblasts, followed by incubation with CY5-conjugated
anti-mouse IgG and the cells examined by fluorescence
microscopy.

CREB was detected using analogous methods.
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[0115] Results

[0116] BK-Induced Activation of Erk1/2 in AC and AD
Cells
[0117] BK elicited marked, but transient phosphorylation

of Erk1/2 in human skin fibroblasts from control subjects
(FIG. 1). Peak phosphorylation occurred at about 2.5 min
following stimulation, after which phosphorylation of
Erk1/2 declined, and returned to control levels by 10 min
after stimulation. At 20 min post-BK treatment, phosphory-
lation of Erk1/2 was 68% of the control (FIG. 1). In cells
from subjects with AD, however, increased phosphorylation
levels of Erk1/2 were maintained for a markedly prolonged
period (FIG. 1). Differences were statistically significant
(Student’s t test) at 5 min (p<0.01), with the greatest
divergence occurred at 10 min (p<0.0001). This difference
between AD and AC cells remained significant when mea-
sured at 20 min (P=0.002) after BK stimulation.

[0118] FIG. 2 shows results of a study in which BK-
induced Erk1/2 phosphorylation was examined at 10 min-
utes after stimulation with skin fibroblasts from fresh tissue
samples taken from AD patients and age-matched controls
as well as from banked cells lines from AD and AC groups.
Erk1/2 phosphorylation in AD fibroblasts was consistently
elevated compared to age-matched controls (FIG. 2A).
Similarly, BK-stimulated Erk1/2 phosphorylation in cell
lines was reproducibly elevated in AD cell lines in as shown
in FIG. 2B, which illustrates three independent replications
(from randomly chosen AC and AD lines).

[0119] When fibroblasts were immunostained with anti-P-
Erk1/2 antibody, increased levels of phosphorylated Erk1/2
were observed in AD cells, but not in AC cells, 10 min after
-BK treatment (FIG. 3). These enhanced signals were con-
centrated in the para-nuclear area (FIG. 3, lower right
panel).

[0120] Effects of the IP3 Receptor Inhibitor 2ABP on
BK-Induced Erk1/2 Phosphorylation

[0121] BK stimulates Ca** release from IP3-sensitive
stores (Cruzblanca et al., 1998; Pascale et al., 1999). In the
present study, the involvement of Ca* release from IP3
receptor in the BK-induced Erk1/2 phosphorylation was
examined. Addition of 2ABP, a potent membrane-permeable
inhibitor of the IP-3R, to cells before BK completely abol-
ished BK-stimulated Erk1/2 phosphorylation—in both AC
and AD cells (FIG. 4A). Two-way ANOVA showed that the
treatment effects were highly significant (F, ;,=187.4,
p<0.0001). This result proves that phosphorylation of Erk1/2
and the subsequent molecular cascade is downstream of the
IP-3R-sensitive Ca** elevation in the cells.

[0122] Effect of the PKC Inhibitor BiSM-1 on the BK-
Induced Erk1/2 Phosphorylation

[0123] In this experiment, AC and AD cells were prein-
cubated with the specific PKC inhibitor BiSM-1 before BK.
As shown in FIG. 4B, BK-induced phosphorylation of
Erk1/2 was again abolished (in both AC and AD cells). A
two-way ANOVA showed significant treatment effects. This
result indicates that PKC activity is required for the BK-
stimulated activation of Erk1/2 in both AC and AD cells.
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[0124] Effect of the C-src Protein Tyrosine Kinase Inhibi-
tor, PP1, on the BK-Induced Erk1/2 Phosphorylation

[0125] To test whether the non receptor PTK, C-src is
involved in activation of Erk1/2 by BK, AC and AD cells
were preincubated with 10 uM PP1 prior to BK. Similar to
2ABP and BiSM-1, above, PP1 completely inhibited BK-
induced Erk1/2 phosphorylation (FIG. 4C). Two-way
ANOVA showed significant treatment effects (F; ,,=234;
p<0.0001). This result therefore suggests that C-src PTK
activity is also involved in activation of Erk1/2 by BK.

[0126] Effects of PI3 Kinase Inhibitor, [©Y294002, on
BK-Induced Erk1/2 Phosphorylation

[0127] A study was conducted to test whether PI3 kinase
activity is involved in BK-stimulated Erkl1/2 activation.
Fibroblasts were incubated with 5 uM LY294002 prior to
BK. In contrast to the effects of inhibitors of the IP-3R, PCK
and C-src, [Y294002 caused a modest, though significant,
inhibition of Erk1/2 phosphorylation in AC cells (FIG. 4D)
while it failed to inhibit the BK-induced phosphorylation of
Erk1/2 in AD cells (FIG. 4D). A two-way ANOVA showed
significant treatment effects (F, ,,=136.2; p<0.001) and
group effects (F; ,,=11.55; p<0.05). This result suggests that
PI3 kinase activity is not involved in BK-induced Erk1/2
phosphorylation in cells of AD patients.

[0128] Effects of BK on Activation of Cyclic-AMP
Response Element Binding Protein (CREB)

[0129] The effect of BK on activation of CREB, which
normally is downstream of Erk1/2, was tested. As shown in
FIG. 5, 10 nM BK induced highly significant phosphory-
lation of CREB in both AC and AD cells. The increased
phosphorylation was detected as early as 5 min after BK
stimulation, and increased further at 10 min (FIG. 5A). A
two-way ANOVA showed a significant time effect (F, ,4=
14.09, p<0.001) but not group effect. FIG. 5B shows simi-
larly elevated CREB phosphorylation 10 min after BK
treatment in AC and AD cells. The BK treatment also caused
a marked reduction in the total amount of CREB protein at
10 min (FIG. 5C) (p<0.001). In summary, there were no
significant differences in BK-induced CREB phosphoryla-
tion or reduction in total CREB between AC and AD cells.

[0130] Effects of PKC, C-sre, and PI3 Kinase Inhibitors on
BK-Induced CREB Phosphorylation

[0131] Treatment of fibroblasts with the PKC inhibitor,
BiSM-1, completely abolished the BK-stimulated CREB
phosphorylation (FIG. 6A). A two-way ANOVA showed
significant treatment effect (F, 5,=53.76, p<0.0001), but no
group effect. Similarly, the c-src inhibitor PP1 inhibited
BK-stimulated CREB phosphorylation (FIG. 6B). These
results again indicate that both PKC and c-src are involved
in the signaling pathway by which BK activates both Erk1/2
and CREB. Similar to the effect with Erk1/2, the PI3 kinase
inhibitor, Y294002 partially inhibited CREB phosphoryla-
tion in AC but did not have any effect on CREB phospho-
rylation in AD cells (FIG. 6C). A two-way ANOVA showed
significant treatment effect (F, 5,=36.23; p<0.0001) and
group effect (F, 5,=4.7; p<0.05).

[0132] Expression of BK B2 Receptor in Fibroblasts

[0133] To test whether enhanced Erk1/2 and CREB phos-
phorylation in response to BK was due to an increase in the
number of BK receptors expressed on AD cells, a study was
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performed to measure BK receptor expression in AD and
control AC cells by Western blot using a specific antibody
for type 2 BK receptor (BKb2R). No significant differences
in receptor expression were observed.

[0134] By immunofluorescent staining, BK2bR was dem-
onstrated in cytosol, nuclei, and paranuclear areas of fibro-
blasts (FIG. 7). However, no apparent differences in either
intensity or distribution pattern of the BKb2R were observed
in AD vs AC cells.

[0135]

[0136] Fibroblasts have served as a useful model for
studying AD and other hereditary diseases presumably
because these cells, located all over the body, can express
genetic abnormalities associated with some diseases of the
brain. The present study has provided evidence that stimu-
lation of the BK receptor results in abnormal signal trans-
duction by the MAPK pathway in AD fibroblasts. BK is one
of the most potent endogenous algesic and proinflammatory
substances, playing important roles following injury, disease
and CNS as well as peripheral inflammation. In the present
study, BK stimulation enhanced and prolonged Erk1/2 phos-
phorylation in AD cells in a manner that was dependent on
Ca®™ release from IP3 receptor. This is consistent with
previous reports that elevated IP3-sensitive Ca®* release was
detected in AD skin fibroblasts following BK stimulation
(Gibson et al., 1996; Etcheberrigaray et al., 1998). However,
this prolonged phosphorylation of AD Erk1/2 was not due to
increased expression of the BKb2 receptor or Erk1/2, since
neither the expression nor concentration of these two pro-
teins was different in AD cells compared to controls. It is not
possible to rule out specific other changes in the properties
or sensitivities of the BK receptor and/or IP3 receptor in AD,
in addition to changes in other molecules involved in this
signal transduction pathway.

[0137] The activation of the BK2bR stimulates activation
of the PLC system, which in turn, together with the elevated
intracellular Ca®*, induces PKC activation. In addition,
some G protein-coupled receptors (“GPCRs”) are known to
stimulate c-src PTK activity, which, as a key intermediate in
cellular signaling, also may participate in activation of
Erk1/2. The present study tested the involvement of both
PKC and c-sre PTK in BK-stimulated Erk1,2 phosphoryla-
tion. The fact that this phosphorylation was abolished by a
PKC inhibitor, BiSM-1, and a c-src inhibitor, PP1, indicate
that Erk1/2 activity is regulated by convergence of multiple
upstream protein kinases. Like the IP3 receptor inhibitor,
2ABP, both BiSM-1 and PP1 abolished the Erk1/2 phos-
phorylation similarly in AD and control cells. It is unlikely,
therefore, that the enhancement of Erk1/2 phosphorylation
associated with AD was due to elevated PKC or c-src PTK
activity.

[0138] In analyzing the signaling pathway(s) that under-
lies the AD-specific enhancement of Erk1/2 phosphoryla-
tion, the present inventors tested the involvement of PI-3
kinase, another enzyme involved in Erk1/2 activation by
GPCRs. Based on studies in various systems, activation of
PI-3 kinase following GPCR stimulation is dependent on
activation of PKC, down stream of Ras and to involve ¢-src
PTK. The specific PI-3 kinase inhibitor LY294002 only
caused a modest inhibition of the BK-induced Erk1/2 phos-
phorylation in control fibroblasts but had no effect in AD
cells. This suggests that, while PI-3 kinase partially contrib-

Discussion of Experimental Results
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utes to the BK-activated Erk1/2 phosphorylation in normal
fibroblasts, Erk1/2 phosphorylation in AD cells appears to
be independent of this enzyme.

[0139] A major function of Erk1/2/MAPK is the activation
of gene expression by regulation of transcriptional factors.
Activation of CREB has also been observed in the present
study (phosphorylation of Ser133). Unlike the phosphory-
lation of Erk1/2 in control cells, which lasted less than 10
min following BK treatment, highly phosphorylated CREB
was present 10 min after BK treatment in both AD and
control cells, suggesting a different time course for CREB
activation. Inhibitors of PKC, c-src¢ and PI3 kinase inhibit
phosphorylation of CREB in a manner similar to their
inhibition of Erk1/2 phosphorylation, suggesting that CREB
activation is regulated by the same signal pathway. While
PP1 completely inhibited BK-stimulated CREB phosphory-
lation, it resulted in increased expression of the CREB
protein in control cells (FIG. 6B), presumably reflecting a
normal compensatory feedback mechanism. This effect of
PP1 was not observed in AD cells, however, suggesting that
regulation of CREB expression may be impaired in AD.

[0140] The present results provide evidence that AD
pathogenesis involves derangement of molecular cascades
associated with MAPK as summarized in FIG. 6. Recent
results from others suggest that MAPK is important for brain
functions that are related to neuronal plasticity, for example,
learning and memory. Erk phosphorylates tau protein at
multiple Ser/Thr sites, including Ser262 and Ser356 (Rey-
nolds et al., 2000), which are in the microtubule-binding
regions of tau. Phosphorylation of Ser262 markedly com-
promises the functional ability of tau to assemble and
stabilize microtubules. With compromised signaling path-
ways involving MAPK, cells may respond to extra- and
intracellular signals by inducing aberrant expression of
numerous other proteins.

[0141] Systemic manifestations of abnormalities in
molecular signaling such as enhanced or prolonged MAPK
phosphorylation, may reflect aberrations in the CNS, e.g.
memory loss, that have grave behavioral/cognitive conse-
quences. Thus, detection of AD-specific abnormalities in
MAPK and its related signaling pathways in cells found at
easily accessible peripheral sites, exemplified by skin fibro-
blasts, provides an efficient and reliable means for early
diagnosis of AD as well as for identifying therapeutic targets
for drug development.

EXAMPLE 2

[0142] Using skin fibroblasts from individuals with Hun-
tington’s dementia (HD), tests were conducted to determine
whether the BK-induced prolonged Erk1/2 activity was AD
specific. FIG. 8 represents the effect of bradykinin on
phosphorylation of Erk1/2 on fibroblasts. N=4 and P=0.39,
t test. The HD cells were treated with 10 nM BK for 10
minutes. FIG. 8 shows that when HD cells were treated with
10 nM BK for 10 minutes, the phosphorylation levels of
Erk1/2 were not different from that of the age-matched
controls indicating that the BK-induced enhancement of
Erk1/2 activity is not present in Huntington’s dementia.
Thus, a MAP kinase assay for Alzheimer’s disease accord-
ing to the invention gives a negative diagnosis for Hunting-
ton’s dementia, showing that the assay is specific to Alzhe-
imer’s.
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[0143] In describing preferred embodiments of the present
invention, specific terminology is employed for the sake of
clarity. However, the invention is not intended to be limited
to the specific terminology so selected. It is to be understood
that each specific element includes all technical equivalents,
which operate in a similar manner to accomplish a similar
purpose. The above-described embodiments of the invention
may be modified or varied, and elements added or omitted,
without departing from the invention, as appreciated by
those skilled in the art in light of the above teachings. Each
reference cited here is incorporated by reference as if each
were individually incorporated by reference.
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1. A method of diagnosing Alzheimer’s disease in a
subject, said method comprising:

(a) measuring a basal level of phosphorylation of an
indicator protein in cells from the subject;

(b) contacting cells from the subject with an activator
compound, the activator compound and indicator pro-
tein being selected such that the activator elicits a
differential response of activated phosphorylation of
the indicator protein in cells of the subject as compared
to an activated phosphorylation response in cells from
a non-Alzheimer’s control subject at a predetermined
time after the contacting is initiated;

(c) measuring an activated phosphorylation level of the
indicator protein in said subject cells at the predeter-
mined time after contacting is initiated; and

(d) calculating a ratio of the activated phosphorylation
level determined in step

Mar. 17, 2005

() to the basal phosphorylation level of step (a); and

(¢) comparing the calculated ratio of step (d) to previously
determined activated phosphorylation ratios measured
from known Alzheimer’s disease cells and from known
non-Alzheimer’s disease cells at said predetermined
time;

wherein if the calculated ratio is not statistically different
from the previously determined ratios for said known
Alzheimer’s disease cells, the diagnosis is positive,
and/or if the calculated ratio is not statistically different
from the previously determined ratios for said known
non-Alzheimer’s disease cells, the diagnosis is nega-
tive.

2. A method of diagnosing Alzheimer’s disease in a

subject comprising:

(a) in cells of the subject, measuring a background phos-
phorylation level of an indicator calcium signaling
pathway protein whose phosphorylation is associated
with IP-3R-sensitive Ca** elevation in the cells;

(b) stimulating cells of the subject by contact with and
IP3R agonist that elicits a differential response in the
phosphorylation level of the indicator protein in cells of
Alzheimer’s subjects as compared to the level in a
non-Alzheimer’s control cell;

(c) thereafter, measuring a response phosphorylation level
of the indicator protein in the contacted cells, and

(d) determining whether the response phosphorylation
level of the indicator protein as compared to the back-
ground level matches the response level known for a
cell from an Alzheimer’s subjects or from a healthy
control cell.

3. The method of claim 2, comprising first measuring the
background phosphorylation level of the indicator protein in
aculture of cells, then adding the IP3R agonist to the culture,
and measuring the response phosphorylation level.

4. The method of claim 2, comprising measuring the
background level in a first aliquot of cells, stimulating a
similar aliquot of the cells, and measuring the response level
in the aliquot.

5. The method of claim 2, wherein the measuring com-
prises an immunoassay

6. The method of claim 2, wherein the measuring com-
prises an immunoassay of disrupted cells.

7. The method of claim 2, wherein the IP3-R agonist is
selected from the group consisting of bradykinin, bombesin,
choleystokinin, thrombin, prostaglandin F,, and vaso-
pressin.

8. The method of claim 2, wherein said cells are selected
from the group consisting of fibroblasts, buccal mucosal
cells, neurons, and blood cells.

9. A method of diagnosing Alzheimer’s disease in a
subject, comprising:

(2) obtaining cells from said subject;

(b) measuring the basal level of phosphorylation of an
indicator protein in said cells;

(c) contacting said cells with an activator of phosphory-
lation of the indicator protein,
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(d) measuring the phosphorylation level of the indicator
protein in said cells at a predetermined time after
initiation of the contacting; and

(¢) calculating a first ratio of the level measured in step (d)
to the level measured in step (b) and comparing said
first ratio to a previously determined second ratio of
said levels obtained at said predetermined time from
known Alzheimer’s disease cells and a third ratio of
said levels obtained at said predetermined time from
known non-Alzheimer’s disease cells;

wherein (i) if the first ratio of step (e) is statistically not
different from the previously determined second ratio,
the diagnosis is positive, and (if) if the first ratio of step
(¢) is not statistically different from the previously
determined third ratio, the diagnosis is negative.

10. The method of claim 9, wherein the predetermined
time of step (d) is a time when the difference between the
second ratio and the third ratio of step (e) is greatest.

11. The method of claim 1, wherein the activator is
selected from the group consisting of bradykinin, bombesin,
cholecystokinin, thrombin, prostaglandin F,, and vaso-
pressin.

12. The method of claim 1 wherein the measuring is by
immunoassay, and wherein said subject’s cells are contacted
with an antibody specific for the phosphorylated indicator
protein, permitting the antibody to bind to the indicator
protein, and detecting the antibody bound to the indicator
protein.

13. The method of claim 12 wherein said immunoassay is
a radioimmunoassay a Western blot assay, an immunofluo-
rescence assay, an enzyme immunoassay, an immunopre-
cipitation assay, a chemiluminescence assay, an immuno-
histochemical assay, a dot blot assay, or a slot blot assay.

14-17 (canceled).

18. A method of diagnosing Alzheimer’s disease in a
subject, comprising:

contacting cells from the subject with an agent that
triggers intracellular calcium release via the inositol
1,4,5-trisphosphate (IP3) receptor,

measuring the amount of phosphorylation of a MAPK
protein in the subject’s cells at one or more time points
after the contacting step, and

comparing the amount of phospliorylation of the MAPK
protein in the subject’s cells at the one or more time
points with the amount of phosphorylation in cells from
a non-Alzheimer’s control subject at the same time
points after contacting the control cells with the agent,

wherein increased phosphorylation of the MAPK protein
in the subject’s cells compared to the control cells is
diagnostic of Alzheimer’s disease.
19. The method of claim 18, wherein the agent is brady-
kinin or a bradykinin receptor agonist.
20. The method of claim 18, wherein the agent is bomb-
esin.
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21. The method of claim 18, wherein the agonist is one
which induces IP3-mediated Ca** release.

22. The method of claim 18, wherein the MAPK protein
is Erk1/2.

23. The method of claim 18, wherein the amount of
phosphorylation is measured at a single time point after the
contacting step.

24. The method of claim 18, wherein the measuring
comprises measuring the amount of phosphorylation in a
first aliquot of the subject’s cells at a first time point after the
contacting step, and measuring the amount of phosphoryla-
tion in a second aliquot of the subject’s cells at a second time
point after the contacting step.

25. The method of claim 18, wherein the time points are
selected from one or more of about 0.5 minutes, 1 minute,
2 minutes, 2.5 minutes, 5 minutes, 10 minutes, 20, and 30
minutes.

26. he method of claim 18, wherein the cells are from
peripheral tissue.

27. The method of claim 18, wherein the cells are skin
fibroblasts.

28. The method of claim 18, wherein the measuring step
comprises detecting phosphorylation in a lysate of the
subject’s cells.

29. The method of claim 18, wherein the measuring step
is carried out in vitro.

30. The method of claim 18, wherein the measuring step
comprises gel electrophoresis.

31. The method of claim 18, wherein the measuring step
comprises Western blotting.

32. The method of claim 31, wherein the Western blotting
comprises using an anti-phospho-MAP kinase antibody.

33. The method of claim 18, wherein the increased
phosphorylation is an elevation in the amount of phospho-
rylated protein at a single time point.

34. The method of claim 18, wherein the increased
phosphorylation is an increase in duration of the phospho-
rylated protein.

35. The method of claim 18, wherein the subject lacks
clinical manifestations of Alzheimer’s disease.

36. The method of claim 18, further comprising contact-
ing the subject’s cells with one or more inhibitors selected
from the group consisting of an inhibitor of protein kinase C
activity, an inhibitor of PI-3 kinase activity, an inhibitor of
C-SRC protein tyrosine kinase activity, an inhibitor of the
IP-3 receptor and an inhibitor of a protein phosphatase.

37. The method of claim 18, wherein the increased
phosphorylation is inhibited by contacting the subject’s cells
with an inhibitor selected from the group consisting of an
inhibitor of protein kinase C activity, C-src protein tyrosine
kinase activity, PI-3 kinase activity, and the IP-3 receptor.

38. The method of claim 37, wherein said inhibitor is
selected from the group consisting of BiSM-1, PP1, and
2-aminoethoxydiphenyl borate.

39-57. (Canceled).
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