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Abstract: The discovery that intact Alzheimer amyloid precursor
protein is present in platelet granules, has created a great interest in
the biochemistry, physiology and function of platelets of patients with
Alzheimer disease (AD). In this study we monitored various biochemical
and physiological parameters, such as serotonin and adenine nucleotide
levels, membrane fluidity, agonist-mediated release of arachidonic
acid, thromboxane formation, calcium mobilization, as well as
irreversible aggregation and secretion of granule contents. Platelets of
patients with AD responded poorly when stirred with weak or potent
agonists on a platelet aggregometer. Although capable of agonist-
mediated calcium moblization and synthesis of thromboxanes, the
aggregation response of platelets of patients with AD to thrombin and
archidonate was considerably compromised. In view of the normal
biochemistry and signal transduction capabilities, the compromised
response of these cells to potent agonists like thrombin suggested an
extrinsic defect. The present study has shown that a plasmatic factor
is at least in part responsible for the functional abnormalities of AD
platelets.
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INTRODUCTION their granule contents may compromise the

The discovery that Alzheimer amyloid
precursor protein (APP) is present in platelet
granules and that this protein is encoded by
platelet messenger RNA has created great
interest in the biochemistry and physiology of
platelets in patients with Alzheimer's disease
(AD) (1). In addition, it has been shown that
the secreted form of APP is identical to the
platelet protease, nexin 2 (PN-2) (2). Protease
nexin-1 is an inhibitor of thrombin, and platelet
APP/PN-2 is a potent inhibitor of coagulation
factor XIa (3, 4). These findings suggest
that activation of AD platelets to release

coagulation mechanism.

Alzheimer's disease (AD) is a common cause
of dementia in the elderly (5). Definitive
diagnosis of AD can only be accomplished by
biopsy of the brain or autopsy of the central
nervous system. As a result, there is great
interest in discovering peripheral blood
diagnostic markers of this disease (6).

There are many reports of platelet
abnormalities in patients with AD, including
altered membrane fluidity, monamine oxidase
activity, decreased rate of serotonin uptake,
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changes in membrane phospholipids and
alterations in signal transduction mechanisms
(6-19). However, little is known about AD
platelets in terms of activation responses such
as their ability to adhere, undergo shape change,
develop stickiness, bind adhesive proteins,
aggregate and secrete granule contents.

In this manuscript we report findings from
an ongoing study on platelets from patients
with AD. Results demonstrate that alterations
in membrane fluidity, biochemical constituents,
and signal transduction mechanisms in AD
platelets are not sufficiently different from those
of cells from normal donors to use as diagnostic
tools to monitor the onset or severity of AD.
Compromised response of AD platelets to the
action of agonists can be detected, however,
and may be related to a factor present in
plasma of patients with AD.

METHODS

Fura-2 acetoxymethylester (Fura-2), Fura-
free acid, 1,6-diphenyl-1,3,5-hexatriene (DPH)
and 2,7-bis-(carboxyethyl)-5(6) carboxyflu-
orescein-acetoxymethylester (BCECF) were
obtained from Molecular Probes, Inc. (Eugene
OR). 1-'“C-arachidonic acid and C-5-
hydroxytryptamine (5-HT, serotonin) were
purchased from NEN (Boston MA). Arachidonic
acid was from NuChek Prep (Elysian MN).
Injectable adrenaline (epineprine) and thrombin
were from Parke-Davis (Detroit MI). Other
chemicals used in this study were obtained
from Sigma Chemical Co (St. Louis MO).

Preparation of platelets: Blood was obtained
from human volunteers (30-50 years of age,
male and female) who had abstained from anti-
inflammatory drugs, such as aspirin, for at
least two weeks prior to the study. The blood
was drawn into sterile plastic tubes containing
a 9:1 ratio of blood to citrate-citric acid-dextrose
(CCD, 0.1 M citrate, 7 mM citric acid, 0.14 M
dextrose, pH 6.5). Blood also was obtained from
Alzheimer's patients (60 years of age or older,
male and female). All patients were diagnosed
as having probable dementia of the Alzheimer
type on the basis of clinical evaluation by the
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physicians in the Department of Neurology,
University of Minnesota Hospitals and Clinics.
Citrated blood was centrifuged at 100 g for 20
min at room temperature to obtain platelet-
rich plasma (PRP). To obtain washed platelets
PRP was diluted 1:1 with CCD. Platelets were
sedimented by centrifugation at 200 g for 20
min at room temperature. The supernatant
was removed and the platelet pellet resuspended
in 9 parts Hanks Balanced Salt Solution (HBSS)
to 1 part CCD supplemented with adenosine (5
mM) and theophylline (3 mM). The resuspended
cells were centrifuged again at 200 g for 15
min, and the platelet pellets were resuspended
in appropriate buffers for different experimental
procedure (20).

Studies of platelet function: Platelet
aggregation in response to agonists such as
epinephrine (5 uM,) adenosine diphosphate
(ADP, 3 uM), arachidonate (0.45 nM), thrombin
(0.2 ml) was monitored on a Chronolog
lumiaggregometer (Chronolog Corp., Haverton
PA). Release of ATP was monitored by using
the luciferin-luciferase system (20). All studies
were repeated a minimum of three times with
blood obtained from different patients.
Aggregation profiles presented as figures are
typical representations of actual studies.

Serotonin and adenine nucleotides: Platelet
serotonin levels were measured by monitoring
the fluorescence of endogenous amine by
spectrofluorometry (21). Adenine nucleotides
were quantitated by high performance liquid
chromatography as described from our
laboratory (22).

Serotonin uptake studies: Platelet samples
were incubated for 3 min at 37°C with
radiolabelled serotonin. Serotonin uptake was
terminated by adding 1 pg/ml of prostaglandin
E, and subsequent rapid filtration over
Whatman GF/C filters, followed by washing
with cold saline. Filters were counted in a
toluene-triton based scintillation fluid. Active
serotonin uptake was computed by substracting
the passive uptake, at 0°C, from the uptake at
37°C (16, 17).
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Platelet membrane fluidity: To measure
membrane fluidity, washed platelets and
membrane preparations were incubated with 1
uM DPH for 60 min. To prepare membrane,
washed platelets were subjected to a freeze-
thaw cycle, and then sonicated. Membranes
were pelleted by centrifuging at 20,000 g for 30
min. The pcllet was resuspended in HEPES
buffer and incubated with 1 uM DPH for 60
min. Fluorescence measurements were imade in
a Perkin-Elmer LS5B spectroflurometer with
polarization accessory according to the methods
described by other laboratories (6-13). DPH
fluorescence was excited at 360 nm, the emission
at 430 nm and the light intensity was measured
with all four possible excitation/emission
polarizing filter combinations.

Intracellular ionized calcium: For measure-
ment of cytosolic free calcium, washed platelets
suspended in appropriate physiologic buffers
were used. Ionized calcium was monitored by
using Fura-2 AM as the calcium fluorophore.
Platelets were incubated with Fura-2 AM (2
mM) for 10 minutes at 37°C, then washed and
resuspended in HEPES buffer (145 mM NaCl, 1
mM MgSo,, 0.5 mM Na ,HPO,, 10 mM HEPES,
5 mM glucose, and 1 mM CaCl,, pH 7.4).
Fluorescence measurements of Fura-2 calcium
complex were made in Perkin-Elmer LS5B
spectrofluorometer as described in our laboratory
(23).

Release of arachidonic acid: Platelets
obtained from normal donors and from AD
patients, were washed, resuspended in HBSS,
and incubated at 37°C with rediolabelled
arachidonic acid. After 60 min excess radioactive
material were removed by washing and
resuspending washed platelets in HBSS
containing calcium (1 mM) and 4% bovine serum
albumin. Washed platelets in suspension
exposed to indomethacin (10 M) were incubated
with 0.2 U/ml thrombin at 37°C for 3 minutes.
Reaction was stopped with the addition of 100
ul of 0.34 M EDTA. Samples were spun
and pellets and supernatant were separated
and radioactivity analyzed in a scintillation
counter.

Platelet Function in Alzheimer's Disease

Arachidonic acid metabolism: To measure
14C-arachidonic acid conversion of thromboxane
by intact platelets, each reaction mixture
containing 1 x 10° cells suspended 'in 1 ml
HBSS was stirred on an aggregometer for five
minutes with 1 pg of labelled arachidonic acid
(24). At the end of this period, 1 ml of ethyl
acetate was added to each reaction mixturce and
acidified to pH 3.5 with 0.5 M citric acid. After
thorough mixing, the organic solvent layer was
separated, and the samples were re-extracted
with an equal volume of ethyl acetate. Pooled
ethyl acetate fractions were concentrated with
nitrogen bubbling and spotted on a thin layer
plate (silica gel G). The solvent system used for
the separation of thromboxane was ether:
methanol:acetic acid (135:2:2 vol/vol).
Radioactive metabolites were monitored with a
Berthold radiolabel scanner, and quantitation
was achieved by scraping radioactive spots ofl
the thin layer plate and scintillation counting.

RESULTS

Platelet function studies: A total of 13 AD
patients were studied for determining relative
response of AD platelets to the action of various
physiological agonists. Less than 25% of patients
with AD were free of any medication. Normal
control platelets aggregated irreversibly and
secreted ATP when stirred with epinephrine (5
uM), arachidonate (0.45 mM) and thrombin (0.2
U/ml). The response of AD platelets to these
agonists was considerably compromised. Only 4
of 13 patients tested responded normally to
arachidonic acid and only 3 of 13 aggregated
irreversibly on stirring with thrombin. AD
platelets failed to aggregate irreversibly in
response to weak agonists such as epinephrine
and ADP. Threshold concentrations of
arachidonate (0.45 mM) failed to cause
aggregation of AD platelets (9/13). At high
concentrations (0.9 mM) the platelets of some
patients responded normally to arachidonate.
In some cases, platelets of AD patients who had
taken no medication failed to aggregate in
response to arachidonate, although when stirred
with radiolabelled arachidonate they synthesized
normal amounts of thromboxanes (Fig.1).
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5.0 + 1.2 AMP, ADP, ATP, respectively per 10'!
cells (Table 1), (Fig. 5). Percent uptake of
radiolabelled serotonin in normal control
platelets incubated for 3 minutes at 37°C was
18.6 = 2.8%, whereas AD platelets had an
uptake of 19.2 + 3.5% (Table 1.

Respohse of Normal Control Platelets and That of
Patients with Alzheimer's Dementia
to the Action of Thrombin

o
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Fig. 3 : Normal control platelets aggregated irreversibly
when stimulated with thrombin, and secreted
their granule contents. Thrombin, even at twice
the threshold concentration, failed to cause
aggregation and mediate secretion.

TABLE 1: Serotonin and adenine nucleotides of platelets

of Alzheimer type patients.
ngs/10? cells! umols/10'! cells?
AMP ADP ATP

Control 7934310 0.8+0.2 3.6x0.6 5.3£1.0

Patient? 798+446 0.9£0.2  3.1:05 5.0 +1.2

platelets

IMean and the standard deviation (n = 12).

2Mean and the standard deviation ( n = 6).

“No significant difference in dense body constituents
(P >.05).
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TABLE II: Serotonin uptake into platelets of the
Alzheimer type patients.

Percent uptake of
radiolabelled serotonin

Control 18.6 + 2.8"

Patient platelets! 19.2 + 3.5

*Mean and the standard deviation (n = 6).
'No significant difference in uptake (P>.05).

Influence of a Plasma Factor on
Thrombin-Mediated Platelet Aggregation
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Fig. 4 : Platelets of patients with AD that were non-
responsive to thrombin upon washing and
resuspension in buffer containing caleium (1 mM)
aggregated irreversibly when stimulated with
thrombin. Platelets of normal donors that
responded to thrombin, when suspended in

platelet-poor plasma of patients with AD. failed
to aggregate in response to thrombin stimulation.
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Measurements of membrane fluidity:
Flurorescence anisotropy values for intact
normal control platelets were 0.225 + 0.12 and
for the membranes 0.260 = 0.11 (Table III).
Plateletss of patients with AD had 0.251 + 0.14
and their membranes 0.269 + 0.12.

TABLE 1II : Platelet membrane fluidity of Alzheimer type

patients.
Intact platelets Membranes
Control 0,225 + 0.12 0.260 + 0.11*
Patient platelets! 0.251 + 0.14 0.269 + 0.12

Mean and the standard deviation (n = 6).
No significant difference in fluidity (P>.05).

Agonist-mediated calcium mobilization:
Normal control platelets had a basal level of 86
+ 14 nM ionized calcium as monitored with
Fura 2. When stimulated with arachidonate
and thrombin the level increased to 112 + 68
and 742 + 114 nM, respectively (Table IV).
Platelets of patients with AD had a basal level
of 122 + 19.0 nM calcium. In response to
arachidonate and thrombin they mobilized 168
+ 77 and 819 + 125 nM calcium, respectively.
Platelets of patients with AD that did not
aggregate in response to thrombin also mobilized
normal amounts of cytosolic calcium when
stimulated with thrombin (data not shown).

Thrombin-induced release of arachidonic
acid: Normal control platelets stirred on an
aggregometer for 3 minutes without any agonists
released 2.9% of radiolabelled AA. When stirred

TABLE IV : Calcium mobilization by platelets of
Alzheimer type patients.

Basal Thrombin AA
CALCIUM (nM)
Control 86 + 24 742 + 114 112 + 68*
Patient platelets! 122 + 19.0 819+ 125 168 + 77

Mean and the standard deviation (n = 6).
'No significant difference in any comparison (P>.05).
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with 0.2 U/ml of thrombin they released 4.1%
of arachidonic acid (Table V). AD platelets
stirred on an aggregometer with buffer released
2.1% of arachidonic acid, and when stirred with
thrombin released 8.8% of the radiolabel.

Conversion of arachidonic acid to
thromboxane: Normal control platelets stirred
with radiolabelled arachidonate converted 25.1%
of the substrate to thromboxane (Table VI).
Platelets of AD patients stirred with
radiolabelled substrate converted only 12.6% of

TABLE V : Thrombin (TH) induced release of arachidonic

acid.
% Release™
Control Patients
Basal 29 + 0.6 21 +09
Stimulated! 41+ 1.6 8.8 + 0.8
(0.2 U/ml, TH)

“Mean and the standard deviation (n = 3).
ISignificant difference between controls and patients.
(P>.05).

Adenine Nucleotide Profiles of Platelets from
Normai Individuals and Alzheimer Type Patients
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Fig. 5. Adenine nucleotide profiles of platelets in normal

control donors and those of patients with AD. No
significant difference in the levels of AMP, ADP
and ATP could be demonstrated in the platelets
of AD patients compared to those of cells from
normal donors.
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the arachidonic acid to thromboxane. Platelets
of patients with AD that did not aggregate
irreversibly in response to arachidonate when
stirred with radiolabelled arachidonate
synthesized normal amounts of thromboxane
B

2

TABLE VI : Conversion of radiolabelled arachidonic acid
(AA) to thromboxane B,.

Percent conversion of AA

Normal control 25.1 + 3.4%

Patient platelets! 12.6 + 6.8

"Mean and the standard deviation (n = 4).
!Significant difference between controls and patients.
(P<.05).

DISCUSSION

A large number of studies have been done
on platelets of patients with Alzheimer-type
dementia, to identify a platelet lesion that can
be used as a biological marker for the onset and
severity of AD. Some of the alterations reported
include increased monoamine oxidase, serotonin
uptake, alpha, adrenergic receptor density,
increased internal membranes, membrane
fluidity, cholesterol/phospholipid ratio, and
1onized calcium (1-19). However, little is known
about the functional response of platelets to the
action of various physiological agonists. Since
protease nexins have been demonstrated in
platelets, there is considerable interest in their
ability to antagonize the action of thrombin and
coagulation factor XIa. In this study we have
evaluated the biochemistry, physiology and
function of platelets of patients with clinical
manifestations believed to be characteristic of
Alzheimer type dementia.

Biochemical events associated with agonist-
mediated activation leads to formation of second
messengers, mobilization of cytosolic calcium
and synthesis and release of bioactive molecules
capable of causing irreversible aggregation.
Platelets of patients with AD responded poorly
to the action of weak agonists such as
epinephrine and ADP. Even though they
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responded to thrombin and arachidonate, their
ability to release granule contents seemed to be
significantly compromised. Some of the AD
patients had platelets that did not aggregate in
response to high concentrations of arachidonate.
However, they converted radiolabel arachidonic
acid to thromboxane. This observation is similar
to results obtained in studies of canine platelets
(25). In those investigations arachidonate
refractory canine platelets regained their
sensitivity to arachidonate when exposed to
epinephrine. Similarly, platelets of patients with
AD that were refractory to arachidonate,
aggregated irreversibly when exposed to
epinephrine before a further challenge by
arachidonate.

Platelets of patients that had compromised
cyclooxygenase activity required high
concentrations of arachidonate to aggregate. In
an earlier study we demonstrated that partial
inhibition of cyclooxygenase with low dose
aspirin (80 mgs) renders normal platelets
refractory to the action of a threshold
concentration of arachidonate (26). However,
they do aggregate irreversibly when challenged
with high doses of arachidonate (0.9 mM).

A second wave of aggregation in response
to weak agonists is mediated by newly
synthesized thromboxanes and secreted ADP.
Exposure of platelets to cyclooxygenase
inhibitors, such as aspirin and indomethacin,
abolishes the second wave response as well as
their ability to release granule contents. A
potent agonist such as thrombin can cause
secretion of granule contents and mediate
aggregation of drug-induced refractory platelets.
In view of this observation, it was surprising to
find donors (10/13) whose platelets failed to
aggregate or secrete granule contents in
response to high concentrations of thrombin
(1.0 U/ml). Platelets nonresponsive to thrombin
were capable of normal calcium mobilization as
monitored with Fura-2 loaded cells.

Since the calcium measurements are made
with platelets devoid of plasma, we speculated
that a plasma factor might be inhibiting the
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