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MODULATION OF THE PHOSPHOLIPASE A2
PATHWAY AS A THERAPEUTIC

CROSS REFERENCE TO RELATED
APPLICATIONS

This patent application is a National Phase concerning a
filing under 35 U.S.C. 371, claiming the benefit of priority of
U.S. Provisional Application Ser. No. 60/092,570, filed Jul.
13, 1998, which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to methods and compositions
to reduce the neuronal cell death associated with the pro-
inflammatory pathway and vasoactivity. More specifically,
the present invention relates to specific modulation of signal
transduction pathways, such as the sPLA,/MAPK/cPLA,/
AA/LOX/COX pathway, to reduce the pro-inflammatory
response that leads to an enhanced production of eicosanoids.

2. Description of Related Art

The protein B-amyloid (A4, AR, AP, 55.4,) has long been
central to the neuropathology of Alzheimer’s disease (Glen-
ner and Wong, 1984). However, its role in the disease process
of Alzheimer’s disease and other diseases, as well as its
mechanism of action, remains in dispute.

It is undisputed that f-amyloid protein is a major compo-
nent of the neuritic plaques which, along with the neurofibril-
lary tangles, provide the neuropathological diagnostic mark-
ers for Alzheimer’s disease (Mattson, 1995; Vantner et al.,
1991). It is also deposited around cerebral blood vessels in
Alzheimer’s disease (Scholz, 1938; Mandybur, 1975;
Vinters, 1987).

The sequence for -amyloid is known (Glenner et al. 1984).

Emphasis has been on Alzheimer’s being a neurological
disease, not a vascular disease.

It has been suggested in Alzheimer’s disease pathogenesis
that -amyloid has putative neurotoxic properties. However,
there has been no consistent detection of such neurotoxic
effects and there are conflicting reports (Price et al. 1992).

Referring to Teller et al. (1996), deposits of insoluble fibrils
of amyloid -peptide (A) in the brain is a prominent neuro-
pathological feature of all forms of Alzheimer’s Disecase
(AD) regardless of the genetic predisposition of the subject.
In addition to the deposition of A in senile plaques and neu-
rofibrillary tangles, vascular amyloid deposition resulting in
cerebral amyloid angiopathy is a hallmark of AD and related
disorders such as Down’s Syndrome. The abnormal accumu-
lation of A is due to either over expression or altered process-
ing of amyloid precursor protein (APP), a transmembrane
glycoprotein. Soluble A containing forty amino acids (A,)
and to a lesser degree the peptide with forty-two amino acids
(A,,) forms the core of the amyloid deposits. The APP gene
is highly conserved across different species and APPmRNA
has been detected in all tissues, suggesting a normal physi-
ologic role for A. The cellular origin of A deposited in the
brain or cerebral blood vessels in AD or its precise role in the
neurodegenerative process has not been established.

Epidemiologic studies have demonstrated that anti-inflam-
matory therapy may be useful in the treatment of AD since a
lower than expected prevalence or delayed onset of AD is
apparent in patient populations using non-steroidal anti-in-
flammatory drugs (McGeer and McGeer, 1999; Rogers et al.,
1993; and Stewart et al., 1997). Although the initiating event
leading to AD-associated neuroinflammation remains specu-
lative, the occurrence of immune system proteins, activated
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microglia and astrocytes among perivascular senile plaques
suggests a possible involvement of AP in the induction of'this
inflammatory process (Coria et al., 1993; Griffin et al., 1995;
ITtagaki et al., 1989; Lue et al., 1996).

Arachidonic acid (AA) release and production of
eicosanoids are prerequisites for inflammation, and phospho-
lipase A,s (PLA,s) are key enzymes that initiate the AA
cascade, which leads to the generation of multiple eicosanoid
products during both acute and chronic inflammation. PL A,
activity has been shown to be elevated in disease states with a
strong inflammatory component, such as rheumatoid arthritis
and septic shock (Basso et al., 1990; Morita et al., 1995).
PLA,s can be subdivided into several groups based upon their
structures and enzymatic characteristics (Dennis, 1997).
Secretory PLA,s (sPLA2s) are low molecular mass (T14 kDa)
enzymes that require a millimolar concentration of Ca** to
exert their enzymatic action and have little fatty acid selec-
tivity when assayed in vitro (Tischfield, J. A., 1997). Cytoso-
lic PLA, (cPLA,) is an ubiquitously distributed 85-kDa
enzyme, and requires a submicromolar concentration of Ca>*
for effective hydrolysis of its substrate, AA-containing glyc-
erophospholipids (Clark et al., 1991). The N-terminal CALB
domain is responsible for Ca**-dependent translocation of
cPLA, from the cytosol to perinuclear and endoplasmic
reticular membranes (Glover et al., 1995), where several
eicosanoid-generating enzymes, such as the two cyclooxyge-
nases (COX-1 and COX-2) and 5-lipoxygenase (5-LOX), are
located (Morita et al., 1995). Cytosolic PLLA, has multiple
phosphorylation sites, among which the mitogen-activated
protein kinase-directed site (Ser’°®) is the most critical for its
activation (Lin et al, 1993).

Abnormal phospholipid metabolism has been found in AD
brains, where changes were reported in concentrations of
membrane phospholipids, their precursors, and catabolites,
which could be evidence for abnormal PLA, activity in these
patients (Farooqui etal., 1997; Nitsch etal., 1992). Moreover,
marked increases have been reported in the levels of prostag-
landins and lipid peroxides in AD brain (Iwamoto etal., 1989;
Jeandel et al., 1989), both products of PLA, activity. Elevated
cPLA, immunoreactivity (Stephenson et al., 1996) has been
reported in association with amyloid deposits in the cortex of
AD brain, supporting the hypothesis that there is an active
inflammatory process occurring in AD. Furthermore, soluble
AP, _4, (in the pM to nM range) in a cell-free system has been
shown to activate sPLA, (Lehtonen et al., 1996), suggesting
that AP may exert its effects either on the substrate or directly
on sPLA,.

Using intact rat aortae in a tissue bath system, it was pre-
viously reported that AP peptides are vasoactive, and sug-
gested that this vasoactivity could contribute to Alzheimer’s
pathology by reducing cerebral blood flow (Thomas et al.,
1996). It has also been shown that A} peptides are able to
enhance the vasoconstriction induced by endothelin-1 (ET-
1), a potent endogenous vasoconstrictor responsible for con-
trol of cerebral vasotonus (Crawford et al., 1998) via a mecha-
nism independent of reactive oxygen species (Paris et al.,
1998). Furthermore, it was demonstrated that intra-arterial
infusion of Ap results in reduced cerebral blood flow in vivo
(Suo et al., 1998), and similar impaired cerebral blood flow
has been shown in transgenic mice which endogenously over-
produce AP peptides (ladecola, et al., 1999).

It would therefore be useful to detail the molecular mecha-
nisms responsible for Af’s enhancement of ET-1-induced
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vasoconstriction. It would also be useful to develop a method
and pharmaceutical composition for counteracting such a
pathway.

SUMMARY OF THE INVENTION

According to the present invention, there is provided a
method of modifying vasoactivity by regulating a soluble A
pro-inflammatory pathway. Also provided is a method of
treating patients with vascular disease by modifying an intra-
cellular soluble AP pro-inflammatory pathway. Also provided
is a method of modifying inflammatory reactions in microglia
and neurons by regulating a soluble Af} pro-inflammatory
pathway. A pharmaceutical composition consisting essen-
tially of an effective amount of an Af pro-inflammatory path-
way regulator in a pharmaceutically effective carrier is also
provided.

DESCRIPTION OF THE DRAWINGS

Other advantages of the present invention will be readily
appreciated as the same becomes better understood by refer-
ence to the following detailed description when considered in
connection with the accompanying drawings wherein:

FIG. 1 s a graph showing the dose response curve showing
AP, _4o vasoactivity;

FIG. 2 is a bar graph illustrating that Af} induces a long-
lasting vasoconstriction;

FIG. 3 is a graph showing the interaction among melittin,
Ap, and ET-1 on vasoconstriction;

FIG. 4 is a graph showing the interaction among mastopa-
ran, Af, and ET-1 on vasoconstriction;

FIG. 5 is a graph showing the interaction among isotetran-
drine, AP, and ET-1 on vasoconstriction;

FIG. 6 is a graph showing the interaction among pancreatic
sPLA, (type I), AP, and ET-1 on vasoconstriction;

FIG. 7 is a graph showing the interaction among oleyloxy-
ethylphosphocholine, AP, o, and ET-1 on vasoconstriction;

FIG. 8 is a graph showing the effect of sPLA, (type II)
inhibition on Af induced vasoactivity;

FIG. 9 is a graph showing the effect of cPL A, inhibition on
Ap induced vasoactivity;

FIG. 10 is a graph showing the effect of Ca,+-independent
PLA, (type VI) inhibition on Af induced vasoactivity;

FIG. 11 is a graph showing the effect of COX-2 inhibition
on AP enhancement of ET-1 induced vasoconstriction;

FIG. 12 is a graph showing the interaction among MK-886,
and AP, _,, and ET-1 on vasoconstriction;

FIG. 13 is a graph showing the effect of RHC80267 on A
enhancement of ET-1 induced vasoconstriction;

FIG. 14 is a graph showing the effect of DHE on A
enhancement of ET-1 induced vasoconstriction;

FIG. 15 is a graph showing the effect of bisindolylmaleim-
ide I on AP enhancement of ET-1 induced vasoconstriction;

FIG. 16 is a graph showing the effect of MEK 1/2 inhibition
on A, ,, enhancement of ET-1 induced vasoconstriction;

FIG. 17 is a graph showing the effect of MEK 1/2 inhibition
on A, _,, enhancement of ET-1 induced vasoconstriction;

FIG. 18 is a graph showing the effect of MEK 1/2 inhibition
on sPLA, enhancement of ET-1 induced vasoconstriction;

FIG. 19 is a graph showing the effect of p38MAPK inhi-
bition on AP enhancement of ET-1 induced vasoconstriction;

FIG. 20 is a graph showing the effect of SPLA, on ["H]AA
release;

FIG. 21 is a graph showing the effect of cPLA, inhibition
on [*HJAA release by Ap;
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FIG. 22 is a graph showing the effect of MEK 1/2 inhibition
on [*H]AA release induced by AB;

FIG. 23 is a graph showing that AfB-induced microglial
LTB4 release is blocked by inhibiting elements of the sPLLA2/
AA/5-LOX/COX-2 pathway;

FIG. 24 is a graph showing that sPLA2 and Af induce
[PH]AA release in N9 microglia;

FIG. 25 is a graph showing that the soluble AP peptides
induce [*H]AA release in neuronal cells; and

FIGS. 26(A-D) is a graph showing that the activation of
p38 MAPK by soluble Af peptides in neuronal cells.

DETAILED DESCRIPTION OF THE INVENTION

Generally, the present invention relates to a method and
pharmaceutical composition for modifying the soluble AP
pro-inflammatory pathway. Also provided is a method for
treating patients with vascular disease (i.e. cerebral amyloid
angiopathy, vascular amyloidosis, etc.) by modifying the
intracellular AP pro-inflammatory pathway. More specifi-
cally, the present invention provides a method and composi-
tion for modifying the AP vasoactivity by antagonizing the
sPLA,/MAPK/cPLA,/AA/LOX/COX pathway. Also pro-
vided is a method of modifying inflammatory reactions in
microglia and neurons by regulating a soluble Af pro-inflam-
matory pathway.

It is generally thought that the Alzheimer Ap peptides play
an essential role in the pathogenesis of this disease, although
the detailed mechanisms of neurodegeneration are not
known. For instance, although deposits of A are required for
neuropathological diagnosis of AD by definition, this does
not necessarily infer that the deposited form is pathologic. It
is quite possible that soluble forms of AP are pathogenic.
Soluble AP peptides display vasoactive properties, for
instance by significantly enhancing the vasoconstriction elic-
ited by an endogeneous cerebral vasoconstriction, endothe-
lin-1 (ET-1). This phenomenon is exploited in the present
invention and utilized a vessel bath system in order to delin-
eate the specific signal transduction pathway leading to AB
vasoactivity as shown in the Example herein.

The data demonstrate that AB(1-40) and AP(1-42) mediate
vasoactivity by an activation of PLLA2 through a stimulation
of G-protein. The arachidonic acid product of PLA2 is
metabolized essentially through two distinct pathways:
cyclooxygenases and lipoxygenases. It is shown herein that
the vasoactive properties of Ap(1-40) and AB(1-42) are medi-
ated by 5-lipoxygenase and by cyclo-oxygenase-2.

As an extension of these findings in a non-vascular system,
there is shown that addition of Af(1-40) to microglial cells
stimulates leukotriene B4 release (a major metabolite of 5-li-
poxygenase) and AA release. Additionally, soluble Af pep-
tides promote AA release from cultured neurons (NGF-f
differentiated PC12 cells). Furthermore, drugs which oppose
the pathway activated by soluble A peptides oppose soluble
Ap-induced microglial LTB4 release. Taken together, these
data show that soluble AP(1-40) and Af (1-42) induce a
pro-inflammatory response pathway that leads to an
enhanced production of AA and eicosanoids.

These findings demonstrate that the effect of Af can be
modulated by manipulating specific signal transduction path-
ways providing the basis for novel therapeutic interventions.
Specifically, drugs which modulate the phospholipase
A2/arachidonic acid/5-lipoxygenase/cyclo-oxygenase-2
(PLA2/AA/5-LOX/COX-2) pro-inflammatory pathway are
used in the practice of the present invention. Any drug that
specifically opposes activation of the PLA2/AA/S-LOX/
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COX-2 pathway reducing Af-induced vasoconstriction and
hypoperfusion can be utilized in the practice of the invention.

The pharmaceutical compositions or drugs include, but are
not limited to, antagonists of PLA2 stimulation such as those
that oppose G-protein activation of PLLA2. They can include
compositions which directly inhibit PLA2 or drugs which
inhibit 5-L.LOX or COX-2. Isotetrandrine is a specific G-pro-
tein inhibitor which can be used.

The present invention further provides for the administra-
tion of antagonists/drugs of the PLA2/AA/5-LOX/COX-2
pro-inflammatory pathway in the treatment of hypertension
which is genetically linked to PLLA2 (Frossard, PM, and
Lestringant, GG (1995)), and genetically linked to G,-protein
(Siffert et al.) Further, the present invention provides for the
administration of antagonists/drugs of the PLA2/AA/5-LOX/
COX-2 pathway/cascade in the treatment of vasospasm asso-
ciated with severe post-traumatic head injury.

The present invention therefore provides therapeutics
which modulate (such as antagonists) signal transduction
pathways, such as PLA2/AA/5-LOX/COX-2, to reduce the
pro-inflammatory response that leads to an enhanced produc-
tion of leukotrienes. The term antagonist or antagonizing is
used in its broadest sense. Antagonism can include any
mechanism or treatment which results in inhibition, inactiva-
tion, blocking or reduction of the signal pathway. For
example, the antagonizing step can include blocking PLA-2
activation.

The compound of the present invention is administered and
dosed in accordance with good medical practice, taking into
account the clinical condition of the individual patient, the
site and method of administration, scheduling of administra-
tion, patient age, sex, body weight and other factors known to
medical practitioners. The pharmaceutically “effective
amount” for purposes herein is thus determined by such con-
siderations as are known in the art. The amount must be
effective to achieve improvement including but not limited to
improved survival rate or more rapid recovery, or improve-
ment or elimination of symptoms and other indicators as are
selected as appropriate measures by those skilled in the art.

Inthe method ofthe present invention, the compound of the
present invention can be administered in various ways. It
should be noted that it can be administered as the compound
or as pharmaceutically acceptable salt and can be adminis-
tered alone or as an active ingredient in combination with
pharmaceutically acceptable carriers, diluents, adjuvants and
vehicles. The compounds can be administered orally, subcu-
taneously or parenterally including intravenous, intraarterial,
intramuscular, intraperitoneally, and intranasal administra-
tion as well as intrathecal and infusion techniques. Implants
of'the compounds are also useful. The patient being treated is
a warm-blooded animal and, in particular, mammals includ-
ing man. The pharmaceutically acceptable carriers, diluents,
adjuvants and vehicles as well as implant carriers generally
refer to inert, non-toxic solid or liquid fillers, diluents or
encapsulating material not reacting with the active ingredi-
ents of the invention.

It is noted that humans are treated generally longer than the
mice or other experimental animals exemplified herein which
treatment has a length proportional to the length of the disease
process and drug effectiveness. The doses may be single
doses or multiple doses over a period of several days, but
single doses are preferred.

The doses may be single doses or multiple doses over a
period of several days. The treatment generally has a length
proportional to the length of the disease process and drug
effectiveness and the patient species being treated.
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When administering the compound of the present inven-
tion parenterally, it will generally be formulated in a unit
dosage injectable form (solution, suspension, emulsion). The
pharmaceutical formulations suitable for injection include
sterile aqueous solutions or dispersions and sterile powders
for reconstitution into sterile injectable solutions or disper-
sions. The carrier can be a solvent or dispersing medium
containing, for example, water, ethanol, polyol (for example,
glycerol, propylene glycol, liquid polyethylene glycol, and
the like), suitable mixtures thereof, and vegetable oils.

Proper fluidity can be maintained, for example, by the use
of a coating such as lecithin, by the maintenance of the
required particle size in the case of dispersion and by the use
of surfactants. Nonaqueous vehicles such a cottonseed oil,
sesame oil, olive oil, soybean oil, corn oil, sunflower oil, or
peanut oil and esters, such as isopropyl myristate, may also be
used as solvent systems for compound compositions. Addi-
tionally, various additives which enhance the stability, steril-
ity, and isotonicity of the compositions, including antimicro-
bial preservatives, antioxidants, chelating agents, and buffers,
can be added. Prevention of the action of microorganisms can
be ensured by various antibacterial and antifungal agents, for
example, parabens, chlorobutanol, phenol, sorbic acid, and
the like. In many cases, it will be desirable to include isotonic
agents, for example, sugars, sodium chloride, and the like.
Prolonged absorption of the injectable pharmaceutical form
can be brought about by the use of agents delaying absorp-
tion, for example, aluminum monostearate and gelatin.
According to the present invention, however, any vehicle,
diluent, or additive used would have to be compatible with the
compounds.

Sterile injectable solutions can be prepared by incorporat-
ing the compounds utilized in practicing the present invention
in the required amount of the appropriate solvent with various
of the other ingredients, as desired.

A pharmacological formulation of the present invention
can be administered to the patient in an injectable formulation
containing any compatible carrier, such as various vehicle,
adjuvants, additives, and diluents; or the compounds utilized
in the present invention can be administered parenterally to
the patient in the form of slow-release subcutaneous implants
or targeted delivery systems such as monoclonal antibodies,
vectored delivery, iontophoretic, polymer matrices, lipo-
somes, and microspheres. Examples of delivery systems use-
ful in the present invention include: U.S. Pat. Nos. 5,225,182;
5,169,383; 5,167,616; 4,959,217, 4,925,678; 4,487,603,
4,486,194, 4,447,233, 4,447,224; 4,439,196; and 4,475,196.
Many other such implants, delivery systems, and modules are
well known to those skilled in the art.

A pharmacological formulation of the compound utilized
in the present invention can be administered orally to the
patient. Conventional methods such as administering the
compounds in tablets, suspensions, solutions, emulsions,
capsules, powders, syrups and the like are usable. Known
techniques which deliver it orally or intravenously and retain
the biological activity are preferred.

In one embodiment, the compound of the present invention
can be administered initially by intravenous injection to bring
blood levels to a suitable level. The patient’s levels are then
maintained by an oral dosage form, although other forms of
administration, dependent upon the patient’s condition and as
indicated above, can be used. The quantity to be administered
will vary for the patient being treated and will vary from about
100 ng/kg of body weight to 100 mg/kg of body weight per
day and preferably will be from 10 ug/kg to 10 mg/kg per day.

The above discussion provides a factual basis for the use of
methods and pharmaceutical compositions for modifying



US 7,605,149 B1

7

vasoactivity by regulating the soluble Af pro-inflammatory
pathway. The methods used with and the utility of the present
invention can be shown by the following non-limiting
examples and the accompanying figures.

EXAMPLES

General Methods:

General methods in molecular biology: Standard molecu-
lar biology techniques known in the art and not specifically
described are generally followed as in Sambrook et al.,
Molecular Cloning: A Laboratory Manual, Cold Springs
Harbor Laboratory, New York (1989, 1992), and in Ausubel et
al., Current Protocols in Molecular Biology, John Wiley and
Sons, Baltimore, Md. (1989). Polymerase chain reaction
(PCR) is carried out generally as in PCR Protocols: A Guide
To Methods And Applications, Academic Press, San Diego,
Calif. (1990). Reactions and manipulations involving other
nucleic acid techniques, unless stated otherwise, are per-
formed as generally described in Sambrook et al., 1989,
Molecular Cloning: A Laboratory Manual, Cold Spring Har-
bor Laboratory Press, and methodology as set forth in U.S.
Pat. Nos. 4,666,828; 4,683,202; 4,801,531; 5,192,659 and
5,272,057 and incorporated herein by reference. In-situ (In-
cell) PCR in combination with Flow Cytometry can be used
for detection of cells containing specific DNA and mRNA
sequences (Testoni et al, 1996, Blood 87:3822.)

General methods in immunology: Standard methods in
immunology known in the art and not specifically described
are generally followed as in Stites et al. (eds), Basic and
Clinical Immunology (8th Edition), Appleton & Lange, Nor-
walk, Conn. (1994) and Mishell and Shiigi (eds), Selected
Methods in Cellular Immunology, W. H. Freeman and Co.,
New York (1980).

Immunoassays

In general, ELISAs are the preferred immunoassays
employedto assess a specimen. ELISA assays are well known
to those skilled in the art. Both polyclonal and monoclonal
antibodies can be used in the assays. Where appropriate other
immunoassays, such as radioimmunoassays (RIA) can be
used as are known to those in the art. Available immunoassays
are extensively described in the patent and scientific litera-
ture. See, for example, U.S. Pat. Nos. 3,791,932; 3,839,153;
3,850,752; 3,850,578; 3,853,987; 3,867,517, 3,879,262;
3,901,654; 3,935,074; 3,984,533; 3,996,345; 4,034,074;
4,098,876; 4,879,219; 5,011,771 and 5,281,521 as well as
Sambrook et al, Molecular Cloning: A Laboratory Manual,
Cold Springs Harbor, N.Y., 1989.

Example 1

The following example demonstrates that soluble Alzhe-
imer’s f-amyloid peptides mediate vasoactivity through a
pro-inflammatory pathway, the phospholipase A2/arachi-
donic acid/5-lipoxygenase/cyclo-oxygenase-2 cascade. Fur-
thermore, this example shows that blocking specific target
molecules on this pathway oppose the effect of soluble AP
peptides (1-40 and 1-42) in the vasculature.

Materials and Methods

The compounds used in vasoactivity assays include: Por-
cine pancreatic PLA, (sPLA,), melittin, mastoparan and
ET-1 were purchased from Sigma. Isotetrandrine, MK-886,
RHC-80267, diacylglycerol (DAG), oleyloxyethylphospho-
choline (oleylox.), bisindolylmaleimide 1 (bisindol.),
PD98059, SB202190, methyl arachidonyl fluophosphonate
(MAFP), quercetin, haloenol lactone suicide substrate
(HELSS), AACOCF3 and NS-398 were obtained from Cal-
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8
biochem. A, ,, and AP, ,, were obtained from QCB.
MK-886, RHC-80267, DAG, bisindol, PD98059,

SB202190, MAFP, quercetin, HELSS, AACOCF3, NS-398,
AP, 4o and AP, ,, and oleylox. were dissolved in DMSO,
whereas melittin, mastoparan and ET-1 were dissolved in
HPLC grade water, and sPLA, was dissolved in Kreb’s
buffer.

Vessel experiments. Freshly dissected aortae were pre-
pared from normal male Sprague-Dawley rats (7-8 months
old, purchased from Zivic Miller, Zelienople, Pa.) as previ-
ously described by Paris et al, Exp Neurol 1998 and Exp
Neurol 1999. Rat aortae were segmented into rings and sus-
pended in Kreb’s buffer on hooks connected to a tensiometer
linked to a MacLab system. Aortic rings were equilibrated for
2 hours, in 7 mL tissue baths containing Kreb’s buffer oxy-
genated with 95% O,: 5% CO,, and thermoregulated to 37°
C. A baseline tension of 2 g was applied to each ring, and the
first set of aortic rings was pretreated with the various com-
pounds named above either alone or in combination with Af
peptides. After 5 minutes of incubation in the presence or
absence of Ap, this first set of vessels was subjected to a dose
range of ET-1 (from 1 nM to 5 nM). A second set of vessels
was treated with 1 uM of A peptides prior to the addition of
ET-1. A third set (control) received only ET-1 treatment. Each
ET-1 dose was added only after the constriction response to
the previous dose had reached a plateau. In all cases the means
=1 standard error (SE) of the percentage vasoconstriction
increase over baseline were determined for each dose of ET-1
used.

Measurement of [?’H]AA release in intact rat aortae. Aortic
rings (1.5 mm long) were placed in 1 mL of physiological
saline solution (PSS, containing 130 mM NaCl, 5 mM KCl,
1.5 mM CaCl,, 1.2 mM MgCl,, 10 mM HEPES, and 10 mM
glucose adjusted to pH 7.2 with NaOH) and incubated with
2.5 uCi of [PH]AA (specific activity of 91.8 Ci/mmol) for 24
h at 4° C. Rat aortae were subsequently washed in 50 mL of
Kreb’s buffer and then subjected to the vasoactivity assay.
Initial background [*H]AA release was determined following
30 min of equillibration for each aortic ring prior to treatment
by removing 200 pl, of Kreb’s buffer (total volume of 7 mL
each) from each bath, and measuring radioactivity (in cpm)
after the addition of 1 mL of scintillant (EcoL.ume, ICN Inc.,
Calif.) using a liquid scintillation counter (1209 Rackbeta,
WALLAC Inc., Md.). Subsequently, aortic rings were treated
with sPLA, alone or AP,_,, (1 tM) in the presence or absence
of a MEK1/2 inhibitor (PD 98059) or a cPLA, inhibitor
(AACOCEF?3) for 5 min, or went untreated for the same length
of time (control). Quantification of [*’H]AA release was then
preformed as described above. All aortic rings were then
subjected to a dose range of ET-1 (1, 2.5, and 5 nM), and
radioactivity was measured 5 min after the first dose of ET-1
(1 nM), and 20 min after the second (2.5 nM) and third (5 nM)
doses of ET-1. Radioactivity incorporated into each ring was
determined by placing the aortic ring in 1 ml. of scintillant
and assaying as described above. Results are expressed as the
means x1 SE of the percentage of [°’H]AA incorporated for
each aortic ring [([*H]AA released—[*H]AA initial back-
ground)/incorporated [*H]AA].

Statistical analysis. Analysis of variance (ANOVA) was
used to analyze the data, with post-hoc comparisons of means
carried out where appropriate by Shefte’s or Bonferonni’s
methods. As previously described (Paris et al., Neurosci Lett,
1998), a significant interactive term by ANOVA was taken as
evidence that both drug x and AP are modulating a common
signal transduction pathway. However, if the effect of drug x
and A was simply additive (or subtractive), this suggested
modulation of independent transduction pathways. Levene’s
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test for equality of variance followed by t-test for independent
samples was used for single mean comparisons. Alpha levels
were set at 0.05 for all analyses. Analyses were performed
using SPSS for Windows release 9.5.

RESULTS

Characteristics of A vasoactivity

It has previously been shown that freshly solubilized AP, _
aoor Af,_,, increase the magnitude of constriction induced by
ET-1 in isolated mammalian vessels, to a similar extent
(Crawfordetal., 1998). High levels of circulating A3, _,, have
been observed in AD patients, ranging from 30 to 150 nM
(mean of approximately 50 nM), and this is approximately 6
times higher than the level of Af found in non-demented
controls (Lambeau et al., 1994). Similar doses of freshly
solubilized A enhance ET-1-induced vasoconstriction (FIG.
1). Interestingly, AP} does not only increase the magnitude of
contraction induced by ET-1, but also enhances the sustained
phase of ET-1-induced vasoconstriction (FIG. 2). As with
freshly solubilized AP enhancement of ET-1-induced vaso-
constriction, this sustained constriction event induced is
observed with doses as low as 50 nM. Long-lasting vasocon-
striction induced by A is evident with other vasoconstrictors,
such as phenylepherine or a thromboxane A2 analogue
(U-46619), indicating that long-lasting vasoconstriction is
not specific to the vasoconstrictor used.

More specifically, FIG. 1 shows the dose-response curve
showing AP, _,, vasoactivity. Certain aortic rings were treated
with a dose range of Af, ,, 5 minutes prior to the addition of
adoserange of ET-1. Results are expressed as themean +1 SE
of the percentage vasoconstriction increase over baseline.
ANOVA revealed significant main effects of ET-1 dose
(p<0.001), AP dose (p<0.001), and an interactive term
between them (p<0.001). One-way ANOVA across ET-1
doses revealed significant between-groups differences
(p<0.001), and post-hoc comparison across the 2.5 nM and 5
nM doses of ET-1 showed a significant difference between the
50 nM dose of A and the Ap-free condition (p=0.001).

FIG. 2 shows that Af induces a long-lasting vasoconstric-
tion. Certain aortic rings were treated with 1 uM of A, _,, or
untreated (control) 5 minutes prior to the addition of a dose
range of ET-1 (1, 2.5, and 5 nM). Following the 5 nM dose of
ET-1, maximum tension was taken as the t=0 time point [and
standardized to 100% both in control (n=8) and Ap-treated
vessels (n=8)], with vasotension assessed for each following
minute until t=10 minutes. ANOVA revealed significant main
effects of Af (p<0.001), time (p<0.001), and an interaction
between them (p<0.001). Post-hoc t test for independent
samples across time points revealed a significant difference
(p<0.001) between control and Ap-treated rat aortae.

Effect of PLLA, activation on A vasoactivity

Melittin (a constituent of bee venom) and mastoparan (a
component of wasp venom) are two small peptides (26 and 14
amino acid residues, respectively) known to specifically acti-
vate PLA, and to stimulate G-proteins (preferentially G, and
G,; Gravittetal., 1994; Kanemasa et al., 1992). Both of these
peptides potentiate ET-1-induced vasoconstriction to a simi-
lar extent as AP, thus mimicking A vasoactivity (FIGS. 3 and
4). Further, when either of these peptides are added to vessels
in conjunction with-ET-1 and AP, there is observed a 3-way
interactive term by ANOVA, suggesting that Af} and melittin
or A and mastoparan act on the same pathway leading to
enhancement of ET-1-induced vasoconstriction.

Specifically, FIG. 3 shows the interaction among melittin,
AP, and ET-1 on vasoconstriction. Certain aortic rings were
treated with 1 uM of freshly solubilized AP, 4o, 1 UM of
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melittin, melittin+Af, or untreated (control) 5 minutes prior
to the addition of a dose range of ET-1. ANOVA showed
significant main effects of ET-1 dose (p<0.001), AP
(p<0.001) and melittin (p<0.001), as well as significant inter-
active terms between ET-1 dose and either A (p<0.001) or
melittin (p<0.05). Furthermore, there was a significant inter-
active term among ET-1 dose, Ap and melittin (p<0.01).
One-way ANOVA across ET-1 doses revealed significant
between-groups differences (p<0.001), and post-hoc testing
showed significant differences between control and AP
(p<0.001), control and melittin (p<0.02), and control and
Ap+melittin (p<0.01), but not between AP and melittin
(p=0.776), or between AP and Ap+melittin (p=0.989).

Also, FIG. 4 shows the interaction among mastoparan, Af3,
and ET-1 on vasoconstriction. Certain aortic rings were
treated with 1 uM of freshly solubilized A, ,,, 5 uM of
mastoparan, mastoparan+Af, or untreated (control) 5 min-
utes prior to the addition of a dose range of ET-1. ANOVA
showed significant main effects of ET-1 dose (p<0.001), AP
(p<0.001) and mastoparan (p<0.001), as well as significant
interactive terms between ET-1 dose and either Af (p=0.01)
or mastoparan (p<0.001). There was also a significant inter-
active term among E'T-1 dose, AP and mastoparan (p<0.001).
One-way ANOVA across ET-1 doses revealed significant
between-groups differences (p<0.001), and post-hoc testing
showed significant differences between control and AP
(p<0.001), control and mastoparan (p=0.001), and control
and AB+mastoparan (p=0.001), but not between Af and mas-
toparan (p=0.940), or between Af and Af+mastoparan
(p=0.973).

Effect of G-protein inhibition on A vasoactivity

Both melittin and mastoparan are known to be potent acti-
vators of G-proteins, mainly G, and G,. The involvement of
G, in Af vasoactivity was excluded, since the APP-derived
peptide, APP657-676, a known stimulator of G, (Paris etal.,
1998), was not able to modulate ET-1-induced vasoconstric-
tion or to affect AP-vasoactivity. G, activation commonly
results in an inhibition of adenylyl cyclase, and it has been
shown that adenylyl cyclase does not mediate A} vasoactiv-
ity, since SQ-22536, a cell-permeable specific adenylyl
cyclase inhibitor, does not have any effect on the vasoactive
properties of AP (Rogers et al., 1993). Moreover, AP vasoac-
tivity appears to be insensitive to pertussis toxin (PT), sug-
gesting that it is independent of G,. Interestingly, the activa-
tion of AA release induced by mastoparan is also completely
insensitive to PT (Joyce-Brady et al., 1991), suggesting that
mastoparan-induced PLA, activity occurs independently of
G;, activation, whereas inhibition of adenylyl cyclase by mas-
toparan is sensitive to PT. Isotetrandrine was also employed
in the assay, which specifically inhibits G-protein activation
of PLA,, but not PLC or PLD (Walker et al., 1995). When
added in combination with A, isotetrandrine partially
blocked Af vasoactivity (FIG. 5). Taken together, these data
show that, while A-vasoactivity is not significantly mediated
via G, and G, it is dependent on the activation of the specific
PLA ,-coupled G-protein. These data further substantiate the
involvement of PLA,s in the vasoactivity mediated by A
peptides.

FIG. 5 specifically shows the interaction among isotetran-
drine, AP, and ET-1 on vasoconstriction. Certain aortic rings
were treated with 1 uM of freshly solubilized A, o, 25 nM
of isotetrandrine (isotet.), isotetrandrine+Af, or untreated
(control) 5 minutes prior to the addition of a dose range of
ET-1. ANOVA showed significant main effects of ET-1 dose
(p<0.001) and AP (p<0.001), but not for isotetrandrine
(p=0.245). There were significant interactive terms between
ET-1 dose and AP (p<0.001), and among ET-1 dose, Af and
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isotetrandrine (p<0.001). One-way ANOVA across ET-1
doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and A (p<0.001), control and isotet-
randrine  (p=0.001), control and Ap+isotetrandrine
(p=0.001), between AP and isotetrandrine (p<0.05), but not
between isotetrandrine and Ap+isotetrandrine (p=0.994).

Determination of the contribution of specific PLA, iso-
forms to Af vasoactivity

In order to further substantiate the involvement of PLA, in
AP vasoactivity, secretory porcine pancreatic PLA, (type |
sPLA,) was directly added into the vessel bath system. Por-
cine type I sPLA, displays a high homology compared to
mammalian type I sPLA, isoforms, especially human type I
sPLA, (Han et al., 1997). Similar to AP peptides, type I
sPLA, does not display intrinsic vasoactive properties, but is
able to enhance the vasoconstriction induced by ET-1, mim-
icking the vasoactivity of Ap (FIG. 6). When added in com-
bination with A, there is observed an interactive term by
ANOVA among ET-1, type I sPLA, and AP, suggesting that
A vasoactivity is mediated via stimulation of type I sPLA,.
Pretreatment of vessels with oleylox., a novel site-specific
type IsPLA, inhibitor, completely blocks Af; _,, (FIG.7)and
AP, _4, vasoactivity. Moreover, there is observed statistical
interaction among ET-1, Af (1-40 or 1-42), and oleylox.,
suggesting that activity of type I sPLA, is needed to bring
about AP vasoactivity. The potential contribution of type II
sPLA, to Ap-induced vasoactivity was also explored by using
quercetin, a selective inhibitor of type II sPLA, (Lue et al.,
1996), and aristolochic acid, which preferentially inhibits
activity of type II sPLA, over type I sPLA,. Quercetin is
unable to block AP vasoactivity, suggesting that type II
sPLLA, does not mediate Af-vasoactivity (FIG. 8). This is
further substantiated by the fact that low doses of aristolochic
acid (<10 uM) are unable to affect A vasoactivity, whereas
high doses (25 pM) result in the partial blockade of the vaso-
active properties of Af.

The possible involvement of cytosolic PLA, (type IV
cPLA,) in the vasoactive properties of AP was also investi-
gated by using an irreversible inhibitor of cPLA,, MAFP.
Data show that MAFP completely inhibits Ap-induced vaso-
activity in a statistically interactive manner, demonstrating
that cPLA, activity is required to mediate A} vasoactivity
(FIG. 9). Furthermore, the contribution of calcium-indepen-
dent PLA, (type VI) to the vasoactive properties of A} was
investigated by incubating vessels with HELSS; a potent and
irreversible inhibitor of type VI PLA,. It was found that
HELSS is unable to affect Af-induced vasoactivity, showing
that type VI PLA, does not mediate the vasoactive properties
of AP (FIG. 10). Collectively, these data show that the vaso-
active effect exerted by AP is specifically mediated by type |
sPLA, and type IV cPLA,.

FIG. 6 shows the interaction among pancreatic sPLA,
(type 1), AP, and ET-1 on vasoconstriction. Certain aortic
rings were treated with 1 pM of freshly solubilized AP, ,,, 1
U/mL of type I sPLA,, PLA,+Ap, or untreated (control) 5
minutes prior to the addition of a dose range of ET-1. There
were significant main effects by ANOVA of ET-1 dose
(p<0.001), AP (p<0.001) and PLA, (p<0.01), as well as sig-
nificant interactive terms between ET-1 dose and either AP
(p<0.001) or PLA, (p<0.001). Furthermore, there was a sig-
nificant interactive term among ET-1 dose, Af and PLA,
(p<0.001). One-way ANOVA across ET-1 doses revealed sig-
nificant between-groups differences (p<0.01), and post-hoc
testing showed significant differences between control and
AP (p<0.01), control and PLA, (p<0.02), and control and
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AP+PLA, (p<0.05), but not between AP and PLA2
(p=0.956), or between A and Af+PLA, (p=0.807).

Additionally, FIG. 7 shows the interaction among oley-
loxyethylphosphocholine, AP, _,,, and ET-1 on vasoconstric-
tion. Certain aortic rings were treated with 1 uM of freshly
solubilized AP, .5, 1 uM of oleylox., oleylox.+Af, or
untreated (control) 5 minutes prior to the addition of a dose
range of ET-1. There were significant main effects by
ANOVA of ET-1 dose (p<0.001), AP (p<0.001), and of oley-
lox. (p<0.001). There were also significant interactive terms
between ET-1 dose and either AP (p<0.001) or oleylox.
(p<0.001), and among ET-1, A} and oleylox. (p<0.001). One-
way ANOVA across ET-1 doses revealed significant between-
groups differences (p<0.001), and post-hoc testing showed
significant differences between control and AP (p<0.001),
and AP and AB+oleylox. (p=0.001), but not between control
and Ap+oleylox. (p=0.756), control and oleylox. (p=0.886),
or oleylox. and Ap+oleylox. (p=0.992). Similar results were
observed with AB, ..

FIG. 8 shows the effect of sPLA,/(type II) inhibition on
Ap-induced vasoactivity. Certain aortic rings were treated
with 1 uM of freshly solubilized A, 44, 10 uM of quercetin,
quercetin +Af, or untreated (control) 5 minutes prior to the
addition of a dose range of ET-1. There were significant main
effects by ANOVA of ET-1 dose (p<0.001), A (p<0.001), but
not for quercetin (p=0.219). There was also a significant
interactive term between ET-1 dose and AP (p<0.001), but not
among ET-1, AP and quercetin (p=0.752). One-way ANOVA
across ET-1 doses revealed significant between-groups dif-
ferences (p<0.001), and post-hoc testing showed significant
differences between control and AP (p=0.001), between con-
trol and AP+quercetin (p<0.001), between quercetin and
Ap+quercetin (p<0.01), but not between control and querce-
tin (p=0.919), or AP and AP+quercetin (p=0.999).

Also, FIG. 9 shows the effect of cPLA, inhibition on Af-
induced vasoactivity. Certain aortic rings were treated with 1
UM of freshly solubilized AP, 4, 1 tM of MAFP, MAFP+
AP, or untreated (control) 5 minutes prior to the addition of a
dose range of ET-1. There were significant main effects by
ANOVA of ET-1 dose (p<0.001), Af (p<0.001), but not for
MAFP (p<0.001). There were also significant interactive
terms between ET-1 dose and AP (p<0.01), and among ET-1,
Ap and MAFP (p<0.01). One-way ANOVA across ET-1
doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and AP (p<0.001), and Af and
APp+MAFP (p=0.001), but not between control and
AP+MAFP (p=0.743), control and MAFP (p=0.868), or
MAFP and AB+MAFP (p=0.994). Similar results were
observed with AB, ..

FIG. 10 shows the effect of Ca**-independent PLA,, (type
VI) inhibition on Af-induced vasoactivity. Certain aortic
rings were treated with 1 uM of freshly solubilized AR, 40, 1
uM of HELSS, HELSS+Ap, or untreated (control) 5 minutes
prior to the addition of a dose range of ET-1. There were
significant main effects by ANOVA of ET-1 dose (p<0.001),
AP (p<0.001), but not for HELSS (p=0.01). There was also a
significant interactive term between ET-1 dose and AP
(p<0.001), but not among ET-1, Ap and HELSS (p=0.661).

Contribution of arachidonic acid metabolism to A vaso-
activity

The data thus far had shown that A mediates its vasoactive
effect by activating specific PLA, isoforms. Activation of
cPLA, results in the production of AA, since cPLA, displays
strict substrate specificity for AA-containing phospholipids.
AA is metabolized essentially through two distinct pathways,
the COX pathway, which leads to the production of prostag-
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landins and thromboxanes, and the LOX pathway, which
gives rise to leukotrienes and lipoxins. The effect of NS-398,
a specific inhibitor of COX-2, on the vasoactivity mediated by
Ap was investigated first. It was observed that NS-398 is able
to block AP vasoactivity in a statistically interactive manner,
showing that AP enhancement of vasoconstriction is medi-
ated through COX-2 (FIG. 11). The effect of MK-886, a
compound which impairs the translocation of 5-L.OX and its
subsequent activation by 5-L.OX activating protein, was then
tested which showed that MK-886 also markedly inhibits A
vasoactivity in a statistically interactive manner, showing that
Ap-vasoactivity is mediated via the 5-LOX pathway. (FIG.
12).

AA can also be produced via diacylglygerol (DAG, a prod-
uct of PL.C) hydrolysis by DAG-lipase. A specific inhibitor
of-DAG-lipase, RHC-80267, was used and this showed that
DAG-lipase does not contribute to AP vasoactivity, since
RHC-80267 is not able to modulate ET-1-induced vasocon-
striction or to affect Af enhancement of ET-1-induced vaso-
constriction (FIG. 13). However, treatment of vessels with
DAG was able to potentiate ET-1-induced vasoconstriction,
as well as A enhancement of vasoconstriction, but this effect
was merely additive (FIG. 14), suggesting that DAG does not
impinge upon the A pathway leading to vasoactivity. Since
DAG is an endogenous stimulator of PKC, the data suggests
that Af vasoactivity is PKC independent. To further substan-
tiate this hypothesis, PKC was specifically inhibited by using
bisindolylmaleimide I, and there was observed a statistically
interactive reduction in ET-1-induced vasoconstriction, while
reduction in A vasoactivity was merely additive (FIG. 15).
Taken together, these data demonstrate that A vasoactivity is
not mediated through PL.C or PKC-associated pathways, and
that stimulation of the PL.A, pathway by AP is responsible for
AA production which mediates A vasoactivity.

Specifically, FIG. 11 shows the effect of COX-2 inhibition
on Af-enhancement of ET-1-induced vasoconstriction. Cer-
tain aortic rings were treated with 1 pM of freshly solubilized
AP 40, 5 1M of NS-398, NS-398 +Af, or untreated (control)
5 minutes prior to the addition of a dose range of ET-1.
ANOVA revealed significant main effects of ET-1 dose
(p<0.001), AP (p<0.001), and of NS-398 (p<0.001). There
were also significant interactive terms between ET-1 dose and
either AP (p<0.001) or NS-398 (p<0.001), and among ET-1
dose, AP and NS-398 (p<0.001). One-way ANOVA across
ET-1 doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and AP (p<0.001), and A and
AP+NS-398 (p=0.001), but not between control and A +NS-
398 (p=0.393), control and NS-398 (p=0.996), or NS-398 and
AP+NS-398 (p=0.249). Similar results were observed with
AB s

Further, FIG. 12 shows the interaction among MK-886,
Af, 4, and ET-1 on vasoconstriction. Certain aortic rings
were treated with 1 uM of freshly solubilized AP, _,q, 1 tM of
MK-886, MK-886+A3, or untreated (control) 5 minutes prior
to the addition of a dose range of ET-1. There were significant
main effects by ANOVA of ET-1 dose (p<0.001), AP
(p<0.001), and MK-886 (p<0.05). There was also a signifi-
cant interaction between ET-1 dose and AP (p<0.001), and
among ET-1 dose, AP, and MK-886 (p=0.001). However, an
interaction between ET-1 dose and MK-886 (p=0.159) was
noted. One-way ANOVA across the 2.5 and 5 nM doses of
ET-1 revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and Af (p<0.001), AP and Ap+MK-
886 (p<0.01), and control and AB+MK-886 (p<0.05), but not
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between control and MK-886 (p=0.639), or MK-886 and
AP+MK-886 (p=0.286). Similar results were observed with
APy

FIG. 13 shows the effect of RHC-80267 on Af-enhance-
ment of ET-1-induced vasoconstriction. Certain aortic rings
were treated with 1 uM of freshly solubilized Ap, o, 8 tM of
RHC-80267, RHC-80267 +Ap, or untreated (control) 5 min-
utes prior to the addition of a dose range of ET-1. ANOVA
revealed significant main effects of ET-1 dose (p<0.001), AP
(p<0.001), and RHC-80267 (p=0.001). There was also a sig-
nificant interactive term between ET-1 dose and A
(p<0.001), but not between ET-1 dose and RHC-80267
(p=0.222) or among ET-1 dose, Af and RHC-80267
(p=0.482).

FIG. 14 shows the effect of DAG on Af-enhancement of
ET-1-induced vasoconstriction. Certain aortic rings were
treated with 1 uM of freshly solubilized AP, 4o, 10 uM of
diacylglygerol (DAG), DAG+AP, or untreated (control) 5
minutes prior to the addition of a dose range of ET-1. ANOVA
revealed significant main eftects of ET-1 dose (p<0.001) and
AP (p<0.001), but not DAG (p=0.248). There was also a
significant interactive term between ET-1 dose and AP
(p<0.05), but not between E'T-1 dose and DAG (p=0.397) and
not among ET-1 dose, Ap and DAG (p=0.123).

FIG. 15 shows the effect of bisindolylmaleimide I on Af-
enhancement of ET-1-induced vasoconstriction. Certain aor-
tic rings were treated with 1 uM of freshly solubilized A, ,,
1.5 uM of bisindolylmaleimide I (bisindol.), bisindol. +Af, or
untreated (control) 5 minutes prior to the addition of a dose
range of ET-1. ANOVA revealed significant main effects of
ET-1 dose (p<0.001), Af (p<0.001), but not of bisindol.
(p>0.05). There were also significant interactive terms
between ET-1 dose and either AP (p<0.001) or bisindol.
(p<0.001), but not among ET-1 dose, Ap and bisindol.
(p=0.184).

Cross-talk between sPLA, and cPLA,

Both sPLA, and cPLA, appeared to be necessary to medi-
ate Ap-vasoactivity from the data presented thus far, leaving
the possibility open that cross-talk between these PLA,s
could be implicated in Af’s vasoactivity. A complex network
of interactions exists among the various PLA, isoforms. In
particular, a functional cross-talk between type I sPLA, and
cPLA,, which is mediated by the MAPK module, has
recently been demonstrated (Hernandez et al., 1998; Huwiler
etal., 1997; Naidu et al., 1995). Thus, potential MAPK mod-
ule-mediated cross-talk between these PLLA,s was investi-
gated in the vessel bath system. Vessels were pre-treated with
PD 98059, a highly specific MEK1/2 (MAPK kinase) inhibi-
tor that has been shown to completely block sPLA ,-induced
cPLA, activation (Huwiler et al., 1997). A complete blockade
of AR, _4oand AP, ,, vasoactivity by PD 98059 was observed,
showing that MEK1/2 activity is necessary to mediate Af
vasoactivity (FIGS. 16 and 17). Interestingly, PD 98059 was
also able to completely inhibit sPLA, enhancement of ET-1-
induced vasoconstriction, showing that sPLLA,’s induction of
vasoconstriction, like AP’s, is essentially mediated via
MEK1/2 (FIG. 18). Moreover, pretreatment of vessels with a
specific inhibitor of p38 MAPK, SB 202190, resulted in com-
plete inhibition of AP vasoactivity, further substantiating the
involvement of the MAPK module in Af signaling (FIG. 19).

FIG. 16 shows the effect of MEK1/2 inhibition on Af; ,o-
enhancement of ET-1-induced vasoconstriction. Certain aor-
tic rings were treated with 1 pM of freshly solubilized Af, .
25 uM of PD98059, PD98059 +Ap, or untreated (control) 5
minutes prior to the addition of a dose range of ET-1. ANOVA
revealed significant main effects of ET-1 dose (p<0.001), AP
(p<0.001), and of PD98059 (p<0.001). There were also sig-



US 7,605,149 B1

15

nificant interactive terms between ET-1 dose and either AP
(p<0.001) or PD98059 (p<0.001), and among ET-1 dose, AP
and PD98059 (p<0.001). One-way ANOVA across ET-1
doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and AP (p<0.001), AP and
AP+PD98059 (p<0.001) and control and AB+PD98059
(p<0.001), but not between control and PD98059 (p=1.00), or
PD98059 and AB+PD98059 (p=0.880).

FIG. 17 shows the effect of MEK1/2 inhibition on AP, 4,-
enhancement of ET-1-induced vasoconstriction. Certain aor-
tic rings were treated with 1 uM of freshly solubilized A | .,
25 uM of PD98059, PD98059+Ap, or untreated (control) 5
minutes prior to the addition of a dose range of ET-1. ANOVA
revealed significant main effects of ET-1 dose (p<0.001), AP
(p<0.001), and of PD98059 (p<0.001). There were also sig-
nificant interactive terms between ET-1 dose and either AP
(p<0.001) or PD98059 (p<0.001), and among ET-1 dose, AP
and PD98059 (p<0.001). One-way ANOVA across ET-1
doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and AP (p<0.001), AP and
AP+PD98059 (p<0.001) and control and AB+PD98059
(p<0.001), but not between control and PD98059 (p=1.00), or
PD98059 and AB+PD98059 (p=0.780).

FIG. 18 shows the effect of MEK1/2 inhibition on sPLA,-
enhancement of ET-1-induced vasoconstriction. Certain aor-
tic rings were treated with 2.5 U/mL of sPLA, 25 uM of
PD98059, PD98059+sPL A, or untreated (control) S minutes
prior to the addition of a dose range of ET-1. ANOVA revealed
significant main effects of ET-1 dose (p<0.001), PD98059
(p<0.001), and of sPLA, (p<0.001). There were also signifi-
cant interactive terms between ET-1 dose and either sPLA,
(p<0.001) or PD98059 (p=0.01), and among ET-1 dose,
sPLA, and PD98059 (p<0.05). One-way ANOVA across
ET-1 doses revealed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and sPLA, (p<0.001), sPLA, and
sPLA,+PD98059 (p<0.001), control and sPLLA,+PD98059
(p<0.05) and PD98059 and sPLA,+PD98059 (p<0.01), but
not between control and PD98059 (p=1.00).

Additionally, FIG. 19 shows the effect of p38 MAPK inhi-
bition on Ap-enhancement of ET-1-induced vasoconstriction.
Certain aortic rings were treated with 1 uM of freshly solu-
bilized AP, .o, 5 utM of SB202190, SB202190+Af, or
untreated (control) 5 minutes prior to the addition of a dose
range of ET-1. ANOVA revealed significant main effects of
ET-1 dose (p<0.001), AP (p<0.001), and of SB202190
(p<0.001). There were also significant interactive terms
between ET-1 dose and either Af (p<0.001) or SB202190
(p<0.001), and among ET-1 dose, AP and SB202190
(p<0.001). One-way ANOVA across ET-1 doses revealed sig-
nificant between-groups differences (p<0.001), and post-hoc
testing showed significant differences between control and
AP (p<0.001) and AP and Ap+SB202190 (p<0.001), but not
between control and AR+SB202190 (p=0.858), SB202190
and AP+SB202190 (p=0.519), or control and SB202190
(p=0.885). Similar results were observed with AB, 4.

Modulation of [°H] AA release by A in rat aortae

Since the data suggested that A vasoactivity was mediated
by activation of PLA,,, the ability to stimulate the release of
AA from intact aortic rings was investigated. As previously
described, activation of PLA, can be detected by pre-incubat-
ing cells or intact rat aortae with [’HJAA and measuring
[PH]AA release (Naidu et al., 1995). FIG. 20 shows that
treatment of aortic rings with sPLLA, results in an increased
release of [PH]AA, confirming the validity of such an experi-
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ment to detect elevated [H]AA release in response to
increased PLA, activity. It has been observed that Af
enhances the release of [°’H]AA from aortic rings in compari-
son to controls rings, further substantiating that AP stimulates
PLA, activity (FIG. 21). Moreover, this increase in [PH]AA
induced by Ab is inhibited by co-treating vessels with
AACOCEF3, a specific cPLA, inhibitor, showing that cPLA,
mediates the release of AA induced by A (see FIG. 21).
Ap-induced [PH]AA release is also blocked by PD98059
(FIG. 22), confirming the requirement of MEK 1/2 activity for
Ap-induced stimulation of cPLA,. Taken together, these data
further demonstrate that Ap induces activation of cPLA, via
stimulation of MEK1/2.

FIG. 20 shows the effect of sSPLA, on [PH]AA release.
Intact aortic rings were incubated with [*H]AA in PSS for 24
hours at 4° C. Unincorporated [°H]AA was removed by mul-
tiple washes in Kreb’s buffer, and then aortic rings were
preincubated in the vessel bath system for 5 minutes with 10
U/mL of sPLA, or untreated (control) prior to treatment with
a dose range of ET-1. ANOVA revealed significant main
effects of ET-1 dose (p<0.001) and sPLLA2 (p<0.001). Post-
hoc t-test for independent samples revealed a significant dif-
ference (p<0.001) between control and Af-treated vessels
across the 1 nM to 5 nM ET-1 dose range.

Specifically, FIG. 21 shows the effect of cPLA, inhibition
on [H]AA release induced by Af. Intact aortic rings were
incubated with [PH]AA in PSS for 24 hours at 4° C. Unincor-
porated [°’H]AA was removed by multiple washes in Kreb’s
buffer, and then aortic rings were preincubated in the vessel
bath system for 5 minutes with A, ,, (1 tM), AACOCF3 (1
uM), AB;_40 +AACOCEF3, or untreated (control) prior to treat-
ment with a dose range of ET-1. ANOVA revealed significant
main effects of ET-1 dose (p<0.001), Ap (p<0.001), and
AACOCEF3 (p<0.001). One-way ANOVA including the 1 nM
to 5 nM ET-1 doses showed significant between-groups dif-
ferences (p<0.001), and post-hoc testing showed significant
differences between control and Af (p<0.01), control and
AACOCEF3 (p<0.001), and between AP and AACOCF3 +Af
(p<0.001).

FIG. 22 shows the effect of MEK 1/2 inhibition on [PH]AA
release induced by Af. Intact aortic rings were incubated with
[*HJAA in PSS for 24 hours at 4° C. Unincorporated [PH]AA
was removed by multiple washes in Kreb’s buffer, and then
aortic rings were preincubated in the vessel bath system for 5
minutes with A, 4, (1 uM), PD98059 (25 uM), AP, 4
+PD98059, or untreated (control) prior to treatment with a
dose range of ET-1. ANOVA revealed significant main effects
of ET-1 dose (p<0.001), AP (p<0.001), and PD98059
(p<0.001). One-way ANOVA including the 1 nM to 5 nM
ET-1 doses showed significant between-groups differences
(p<0.001), and post-hoc testing showed significant differ-
ences between control and Af (p<0.01), control and
PD98059 (p<0.01), and between AP and PD98059 +Ap
(p<0.01).

Discussion

Vascular pathology is the norm in advanced cases of AD,
with cerebral amyloid angiopathy (CAA) being one of the
commonest abnormalities detected at autopsy in carefully
standardized examination (83% of AD cases as assessed by
CERAD; 12). It has been shown that soluble Af peptides
display vasoactive properties; specifically, they are able to
enhance the magnitude of contraction induced by ET-1
(Crawford et al., 1998; Paris et al., 1998), and to oppose the
relaxation induced by acetylcholine (Tischfield, J. A., 1997)
or nitric oxide (Rogers et al., 1993). In addition, rats intra-
arterially infused with freshly solublized Af exhibit
decreased cerebral blood flow (Thomas et al., 1996), and
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transgenic mice which overproduce AP peptides display
enhanced cerebrovascular constriction and resistance to
relaxation in response to exogenous application of vasocon-
strictors and vasorelaxants, respectively (ladecola et al.,
1999).

These data suggest that, in life, elevated levels of circulat-
ing AP may have similar effects on the peripheral and cerebral
vasculature. At the clinical level, the possibility arises that this
effect of soluble A contributes to hypoperfusion and perhaps
ischaemia in AD brains, thereby amplytying the AD patho-
logical process. With regard to hypoperfusion, both SPECT
and PET studies confirm reduction in cerebral blood flow in
AD (Duaraetal., 1986; Johnson etal., 1987). As a first step to
elucidating the contribution of Ap to the vascular pathology
associated with AD, the focus was placed on determining how
Ap-mediates its vasoactive effects.

Several converging lines of evidence suggest that A} pep-
tides and inflammation may be linked in the pathogenesis of
AD. For example, senile plaques observed in AD are sites of
classical inflammatory processes, as evidenced by the pres-
ence of numerous degenerating neurons, reactive microglia
and astrocytes, cytokines, and complement proteins (Itagaki
etal., 1989; Minami et al., 1993; Wisniewski et al., 1993). In
addition, cPLA,, immunoreactivity has been shown to be
increased in AD brains, specifically in reactive astrocytes in
regions that contain numerous AP deposits (Stewart et al.,
1997), suggesting a potential association between cPLA, and
AD pathology. Furthermore, reactive glia are frequently co-
localized with cerebral microvessels in AD brains (Wis-
niewski et al., 1992; Zhu et al., 1998), suggesting that the
vasculature may be a site of inflammatory processes. Based
on such evidence, the possible relationship between the vaso-
active properties of AP and inflammation was investigated.

AP vasoactivity is mediated by a pro-inflammatory path-
way, the PL.A, cascade, which plays arole in signal transduc-
tion by allowing the production of bioactive lipids (Dennis et
al., 1991; Sisoda et al.,, 1995). The results show that the
vasoactive properties of AP are specifically mediated by type
1 sPLA, and cPLA,, but not by type II sPLA, or type VI
calcium-independent PLA,. Type 1 sPLA, is abundant in
pancreatic juice in many mammals, and thus is frequently
referred to as pancreatic sPLA ,, and was originally thought to
be involved in digestion of glycerophospholipids in nutrients.
However, increased levels of type I sPLA, mRNA and protein
are produced by non-digestive cells, where it may act as a
regulator of cellular functions via the sPLA, receptor
(sPLA,-R), or via the direct release of bioactive fatty acids
(Lehtonen et al., 1996; Itagaki et al., 1989; Tsunoda et al.,
1995).

The data show that inhibition of either type I sPLA, or
cPLA, is sufficient to block AP vasoactivity, suggesting that
these two enzymes act in concert to bring about Af} vasoac-
tivity. This idea is supported by the existence of a sophisti-
cated network of interactions (cross-talk) between various
PLA,s. Interestingly, it has been shown that the products of
sPLA,’s catalytic action, specifically lysophosphatidylcho-
line, lysophosphatidic acid and cis-unsaturated fatty acids
(including arachidonic acid), activate PKC and the classical
MAPK module (including Raf-1 kinase, MEK and the p44/42
and p38 isoforms of MAPK).

Ultimately, sPLA,s catalytic action has been shown to
phosphorylate and activate cPLA, via PKC, p42/p44 or p38
MAPK in various cell systems (Hernandez et al., 1998;
Husain et al., 1998; Huwiler et al., 1997; Kan et al., 1996). In
order to determine which kinases were responsible for
sPLA,-cPLA, cross-talk in the system, the effect of PKC
modulation was first evaluated. Both DAG, an endogenous
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stimulator of PKC, and bisindolylmaleimide I, a specific
inhibitor of PKC, were able to enhance and reduce Af} vaso-
activity, respectively. Yet, these effects were merely additive
(no interaction was noted by ANOVA), showing that PKC
does not provide for sPLA,-cPLA, cross-talk to ensure A
vasoactivity. Since metabolism of DAG by DAG-lipase leads
to AA production independently of the PLA, system, the
effect of a specific inhibitor of DAG-lipase, RHC-80267, was
assessed and it was found that this compound fails to block
AP vasoactivity, showing that neither DAG-lipase nor the
DAG-derived AA mediates A vasoactivity. Because DAG is
a product of phospholipase C (PLC), these data also suggest
that AP vasoactivity is PLC-independent. Moreover, pro-
panolol, which has been shown to inhibit PLD, is unable to
block A vasoactivity.

Inorder to determine ifthe cross-talk between type IsPLA,
and type IV cPLA, was mediated by the MAPK module in the
system, rat aortae were pre-incubated with PD 98059 or SB
202190, which block the activity of MEK1/2 (resulting in
blockade of downstream p42/p44 MAPK, Dudley et al.,
1995) or p38 MAPK, respectively. PD 98059 and SB 202190
have also been shown to inhibit the phosphorylation and
activation of type IV cPLA, (Borsch-Haubold et al., 1998;
Hernandez et al., 1998; Husain et al., 1998; Huwiler et al.,
1997). PD 98059 completely abolished A vasoactivity as
well as Ap-induced [*H]AA release, showing that MEK1/2
activation is required to insure functional sPLA,-cPLA,
cross-talk which mediates A vasoactivity. SB 202190 addi-
tion also resulted in blockade of A vasoactivity, supporting
the requirement of p38 MAPK in promotion of this effect.
Since stimulation of the MAPK module results in cPLA2
activation, the contribution of cPLA, to AB’s bioactivity was
assessed. Cytosolic PLA, inhibition (by MAFP or
AACOCEF?3) also blocked both A vasoactivity and Af-in-
duced [*H]AA release from rat aortae.

Several studies have demonstrated that a variety of biologi-
cal responses induced by type I sPLA, are mediated via
sPLA,-R, including cell proliferation (Arita et al., 1991),
progression of endotoxic shock (Hanasaki et al., 1997), cell
invasion (Kundu et al, 1997), chemokinesis (Kanemasaet al.,
1992), eicosanoid production (Kishino et al., 1994; Tohkin et
al., 1993), airway and vascular smooth muscle contraction
(Kanemasa et al., 1992; Nitsch et al., 1992), and fertilization
(Okamoto et al., 1995).

The sPLA,-R has sequence homologies to the macrophage
mannose receptor, a membrane protein involved in the
endocytosis of glycoproteins. The short cytoplasmic tail of
the sPLA,-R does not display any characteristic sequence
motifthat could be responsible for coupling to known signal-
ing pathways. However, it has been suggested that sPLA,,
independently of its catalytic action, can activate cPLLA, on a
human astrocytoma cell line via a mechanism involving
sPLLA,-R, since an antagonist of this receptor, p-aminophe-
nyl-o-D-mannopyranoside-bovine serum albumin (man-
nose-BSA) blocks cPLA, activation induced by sPLA, (Her-
nandez et al., 1998). The effect of sPLA2-R blockade was
investigated using mannose-BSA. A statistical interaction
among mannose-BSA, AP and ET-1 was noted but does not
allow the conclusion that a stimulation of the sPLA,-R may
contribute to A vasoactivity, since mannose-BSA was vaso-
active to a similar extent as Af in the assay. Moreover, inac-
tivation of sPLA, with dithiothreithol or oleyloxyphospho-
choline, which does not block the binding of sPLA, to its
receptor, results in the inhibition of sSPLLA,-induced vasocon-
striction, showing that the sPLA,-R is not required for
sPL.A,-induced vasoactivity. These data further suggest that
the cross-talk between sPLLA, and cPL A, which results in A
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vasoactivity, is not significantly affected by the sPLA,-R, but
is promoted by a product of sPLA,.

Since cPLA, displays a strict substrate specificity for AA-
containing phospholipids, the Ap-induced cPL A, signaling
pathway will result in an increase in production of AA, and
thus a possible enhancement of eicosanoids via COXs and
LOXs. It was observed that AA can enhance ET-1-induced
constriction and also noted a statistical interaction among Af,
AA and ET-1, showing that AA mediates A} vasoactivity. It
was also shown that AP results in an increased release of
[*H]AA in the system, providing for two possibilities; either
AA is directly effecting AP vasoactivity, or downstream
eicosanoid products of AA are responsible. NS-398, a spe-
cific inhibitor of COX-2 (Futaki et al., 1994), was able to
block Af vasoactivity. Moreover, MK-886, a specific inhibi-
tor of the 5-L.OX activating protein (which allows for trans-
location of 5-L.OX to the membrane and its subsequent acti-
vation; Abramovitz et al., 1993), was also able to block AP
vasoactivity, demonstrating the requirement of 5-LOX for Ap
signaling. Interestingly, simultaneous COX-2 and 5-LOX
inhibition resulted in the complete blockade of Ap vasoactiv-
ity, confirming that both COX-2 and 5-LOX cooperatively
mediate A vasoactivity.

Therefore, the initiating event leading to Af vasoactivity is
a stimulation of type I sPLA, activity followed by activation
of p44/42 and p38 MAPKSs, which will induce cPLLA, phos-
phorylation, leading to its activation and ultimately to the
production of AA. Finally, downstream of AA production,
5-LOX and COX-2 can mediate Af vasoactivity via multiple
eicosanoid endproducts. AP can induce the release of leukot-
riene B4, a stable eicosanoid product of 5-L.LOX, from micro-
glia, showing that AP stimulates a common signal transduc-
tion pathway in different cell types (Rogers et al., 1993). In
cell-free experiments, A peptides have been shown to induce
type I sPLA, activity (Lin et al., 1993). Furthermore, there is
considerable evidence for an abnormal phospholipid metabo-
lism in AD patients, as mentioned previously. Such evidence
points principally to increased degradation of membrane
phospholipids in AD brains, where marked increases have
been reported in the levels of prostaglandins and lipid perox-
ides (Iwamoto et al., 1989), both products of PLLA, activity.

Taken together, the data show that A vasoactivity is medi-
ated by a pro-inflammatory response, showing a link between
AD-type vascular pathology and inflammation. Although it is
generally regarded that aggregated and fibrillar AP deposits in
amyloid plaques can trigger inflammation, soluble forms of
the peptide have not been previously investigated in relation
to inflammation.

Example 2

The following example serves to illustrate that the sPLLA2/
AA/5-LOX/COX-2 pathway is also activated by soluble Ap
peptides in microglia, providing for an additional system
where A peptides stimulate this pathway. Additionally, this
example illustrates that substances which inhibit this pathway
block the effect of AP in microglia.

Methods

Leukotriene -B4 (LTB4) enzyme-linked immunoabsor-
bant assay (ELISA). Quantitative determination of LTB4 lev-
els was made using a competitive binding ELISA (R&D
Systems, Minneapolis, Minn.) designed to measure LTB4 in
cell culture supernatants (as described in Paris et al., Exp
Neurol 1999). A murine microglial cell line (N9) was pro-
vided by Dr. Paola Ricciardi-Castagnoli (Cellular Pharma-
cology Center, Milan, Italy) and were grown in RPMI
medium supplemented with five percent fetal calf serum, 2

20

30

40

45

50

55

20

mM glutamine, 100 U/mL penicillin, 0.1 pg/ml streptomy-
cin and 0.05 mM 2-mercaptoethanol. Microglial cells were
seeded at 50,000 cells/well in 6-well plates (Falcon, France)
and treated with AB,_,, (500 nM), drugs which oppose the
PLA2/AA/5-LOX/COX-2 pathway, or untreated (control)
and incubated for 18 hours. Cell supernatants were then col-
lected and diluted 10-fold in assay buffer. 50 pl. of diluted
samples were then used in the assay, and each sample was
assayed in duplicate. Manipulations were performed in accor-
dance with the manufacturer’s instruction. A spectramax 250
spectrophotometer (Molecular Devices, San Diego, USA)
was used to measure absorbance at 405 nm and a standard
curve was plotted using a 4-parameter model.

Measurement of [PHJAA release in cultured cells. Micro-
glial cells were cultured as described above, seeded at 50,000
cells/well in 6-well plates (Falcon, France), and incubated
with 0.4 uCi/mL [PHJAA for 18 h. Cells were washed mul-
tiple times with 1 mL of complete medium and were then
treated with 1 pM of A, _,, or 10 U/mL of sSPLA2 for 5h. Cell
culture supernatants were collected each hour following
treatment and radioactivity was quantified as described
above.

Statistical analysis. Analysis of variance (ANOVA) was
used to analyze the data, with post-hoc comparisons of means
carried out where appropriate by Shefte’s or Bonferonni’s
methods. As previously described (Paris et al., Neurosci Lett,
1998), a significant interactive term by ANOVA was taken as
evidence that both drug x and AP are modulating a common
signal transduction pathway. However, if the effect of drug x
and A was simply additive (or subtractive), this suggested
modulation of independent transduction pathways. Levene’s
test for equality of variance followed by t-test for independent
samples was used for single mean comparisons. Alpha levels
were set at 0.05 for all analyses. Analyses were performed
using SPSS for Windows release 9.5.

Results and Discussion

Effect of Ap on microglial 'TB4 release. As shown in FIG.
23, soluble A, ,, treatment of the murine microglial cell
line, N9, results in an increased release of LTB4. Also shown
in this figure is that COX-2 inhibition (via the COX-2 specific
inhibitor, NS-398, 50 uM) results in complete blockade of
LTB4 release. Furthermore, inhibition of p38 MAPK by the
specific inhibitor SB202190 (5 uM) or inhibition of MEK1/2
via PD98059 (25 uM) each result in complete blockade of
Ap-induced microglial LTB4 release.

FIG. 23 shows that AB-induced microglial .'TB4 release is
blocked by inhibiting elements of the sPLLA2/AA/5-LOX/
COX-2 pathway. N9 microglial cells were treated as
described in materials and methods. N=6 for control, n=5 for
AP, n=5for NS-398+A[, n=4 for SB202190+Af, and n=6 for
PD98059+Ap. ANOVA revealed significant treatment inter-
actions between AP and drug x (p<0.001). One-way ANOVA
revealed a significant difference between the AP treatment
condition and control (p<0.001), but no significant difter-
ences were noted between drug x+Af and control (p>0.05),
indicating complete blockade of AB-induced 'TB4 release by
inhibitors of elements of the PLA2/AA/5-LOX/COX-2 path-
way.

Effect of AP on microglial [PH]AA release.

In order to determine if AP could stimulate PLA2 activity,
resulting in increased release of AA, N9 microglia was incu-
bated with [PHJAA and then treated with sPLA2 or soluble
AP, _4o- As shown in FIG. 24, secretory PLLA2 induces the
release of [PH]AA, confirming the validity of such an assay to
measure increased PLLA2 activity. Most importantly, soluble
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AP, _4 also stimulates AA release from N9 microglia, con-
firming that soluble AP activates the PLA2/AA/5-LOX/
COX-2 pathway in microglia.

Additionally, FIG. 24 shows that sPLLA2 and Ap induce
[*H]AA release in N9 microglia. N9 microglia were treated as
described in materials and methods. N=6 for each condition
presented. ANOVA revealed significant main effects of AP
treatment (p<0.001), sPLA2 treatment (p<0.001), and time
(p<0.001). There were also significant interactive terms
between time and either AP or sPLLA2 treatment (p<0.001).
T-test for independent samples showed significant difter-
ences in the means across time points between sPLLA2 treat-
ment and control (p<0.001), and between Ap treatment and
control (p<0.001).

Example 3

This example illustrates the effect of soluble Af on a neu-
ronal model (NGF-f§ differentiated PC12 cells). The data
presented here, like those in example 2, demonstrate that
soluble Af peptides stimulate the sPLLA2/AA/5-LOX/COX-2
pathway. In this example it is further highlighted that soluble
AP peptides are able to trigger the pathway in various cell
types.

Methods

Measurement of [*’H]AA release in neuronal cells (cul-
tured differentiated PC12 cells). A rat pheochromocytoma
cell line (PC12) was grown in Kahn’s modification of F12
medium supplemented with 10% fetal calf serum, 100 U/mL
penicillin and 0.1 pg/ml streptomycin. PC12 cells were
seeded at 35,000 cells/well and differentiated with 60 ng/ml.
NGF-p for 5-6 days and then maintained with 5 ng/mL
NGF-f thereafter. PC12 cells were treated with 0.4 pCi/mL of
[*H]AA for 18 h and were washed multiple times with 1 mL
of complete medium to remove unincorporated [PHJAA.
Cells were then treated with 1 uM of AP, _,, or 40 U/mL of
sPLLA2 for 5 h. Cell culture supernatants were collected each
hour following treatment and radioactivity was quantified as
described above.

Immunolocalization of activated p38 MAPK in neuronal
cells. Cells were treated as described above, and were plated
on glass cover-slips which had been soaked in 10 pg/ml of
mouse laminin. Following differentiation, neuronal cells
were treated with soluble AB, ,, (5 uM) or anasomycin (20
uM, a known stimulator of p38 MAPK) for 10 and 20 min,
and immediately fixed in 4% paraformaldehyde in 0.1 M
PBS, pH 7.4 for 30 min at 4° C. Cells were washed multiple
times in PBS, and incubated for 3 h with a phospho-specific
antibody recognizing active active p38 MAPK. Cells were
then washed multiple times in PBS and incubated with a
secondary HRP-conjugated antibody. Immunostaining was
performed using the DAKO ABC kit, cells were counter-
stained with hematoxylin-eosin, and cells were then observed
under a microscope.

Statistical analysis. Analysis of variance (ANOVA) was
used to analyze the data, with post-hoc comparisons of means
carried out where appropriate by Sheffe’s or Bonferonni’s
methods. Levene’s test for equality of variance followed by
t-test for independent samples was used for single mean com-
parisons. Alpha levels were set at 0.05 for all analyses. Analy-
ses were performed using SPSS for Windows release 9.5.

Results and Discussion

Soluble AP peptides induce [PH]AA release in neuronal
cells. Cultured differentiated PC12 cells were treated as
described above, and, in order to determine if Af} could stimu-
late PLLA2 activity resulting in increased release of AA, cul-
tured differentiated PC12 cells were incubated with [PH]JAA
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and then treated with sPLLA2 or soluble AP, ,,. As shown in
FIG. 25, secretory PLA2 induces the release of [PHJAA,
confirming the validity of such an assay to measure increased
PLA2 activity. Most importantly, soluble Af, ,, also stimu-
lates AA release from neuronal cells, confirming that soluble
Ap activates the PLA2/AA/5-LOX/COX-2 pathway in these
cells.

FIG. 25 shows the soluble AP peptides induce [PH]AA
release in neuronal cells. Cultured differentiated PC12 cells
were treated as described in materials and methods. N=3 for
each group presented. ANOVA revealed significant main
effects of treatment with soluble A peptides (p<0.001) and
sPLLA2 treatment (p<0.001). One-way ANOVA followed by
post-hoc comparison revealed significant differences from 3
h onward between control and either sPLA2 treatment
(p=0.001) or treatment with soluble A peptides (p<0.01).

Soluble AP peptides activate p38 MAPK in neuronal cells.
As shown in FIG. 26, soluble Af increases the phosphoryla-
tion of p38 MAPK, and induces the translocation from the
cytosol to the nucleus in neuronal cells. Thus, soluble AB
mimics the effect of anasomycin, a known stimulator of p38
MAPK, indicating that soluble AP activates p38 MAPK, an
element of the PLA2/AA/5-L.LOX/COX-2 pathway.

Additionally, FIG. 26 shows the activation of p38 MAPK
by soluble A peptides in neuronal cells. Cultured differen-
tiated PC12 cells were treated as described in materials and
methods. Micrographs are at 40x magnification in bright-
field. Brown staining reveals the intracellular location of acti-
vated p38 MAPK, and blue staining reveals the nucleus. In
untreated (control) cells, little brown immunostaining is evi-
dent, and located essentially in the cytosol. In cells treated
with either anisomycin or soluble Af peptides, brown immu-
nostaining is intensified, and a strong nuclear staining is
evident, showing that p38 MAPK is activated.

Throughout this application, various publications, includ-
ing United States patents, are referenced by author and year
and patents by number. Full citations for the publications are
listed below. The disclosures of these publications and patents
in their entireties are hereby incorporated by reference into
this application in order to more fully describe the state of the
art to which this invention pertains.

The invention has been described in an illustrative manner,
and it is to be understood that the terminology which has been
used is intended to be in the nature of words of description
rather than of limitation.

Obviously, many modifications and variations of the
present invention are possible in light of the above teachings.
It is, therefore, to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described.
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What is claimed is:

1. A method of modifying beta-amyloid-induced vasoac-
tivity in individuals with Alzheimer’s Disease or other vas-
cular-related diseases or disorders, in which said vascular-
related diseases or disorders are selected from the group
consisting of cerebral amyloid angiopathy, vascular amyloi-
dosis, hypertension and vasospasm associated with severe
post-traumatic head injury, comprising antagonizing the
secretory phospholipase A2/arachidonic acid/5-lipoxyge-
nase/cyclo-oxygenase-2 pro-inflammatory pathway by
administering a pharmaceutically effective amount of oley-
loxyethylphosphocholine to the individual in an amount
ranging from between 0.1 pg to 10 mg/kg body weight/day.

2. The method according to claim 1, further defined as
down-regulating a soluble AP pro-inflammatory pathway.

3. The method of claim 1, wherein the vascular-related
disease or disorder is cerebral amyloid angiopathy.
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4. The method of claim 1, wherein the vascular-related
disease or disorder is vascular amyloidosis.

5. The method of claim 1, wherein the vascular-related
disease or disorder is hypertension.

6. The method of claim 1, wherein the vascular-related
disease or disorder is vasospasm associated with severe post-
traumatic head injury.

7. The method of claim 1, wherein oleyloxyethylphospho-
choline is administered orally, subcutaneously, parenterally,
intraperitoneally, intranasally or by implant.

8. The method of claim 1, wherein oleyloxyethylphospho-
choline is administered orally.

9. The method of claim 8, wherein oleyloxyethylphospho-
choline is administered in a pharmacological formulation in
the form of a tablet, suspension, solution, emulsion, capsule,
powder, or syrup.

10. A method of treating cerebral amyloid angiopathy,
vascular amyloidosis, hypertension or vasospasm associated
with severe post-traumatic head injury in an individual, the
method comprising administering a pharmaceutically effec-
tive amount of oleyloxyethylphosphocholine to the indi-
vidual.
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