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Abstract

It is known that oxidative stress leads to amyloid precursor protein (APP) dysregulation in
platelets. Ethanol (EtOH) is a vascular risk factor and induces oxidative stress. The aim of the
present study was thus to investigate whether EtOH affects APP processing in rat and human
platelets. Platelets were exposed to 50 mM EtOH with and without 2 mM calcium-chloride
(CaCly) for 20 or 180 minutes at 37°C. Platelet aggregation, serotonin release and APP isoforms
130 and 106/110 kDa were analyzed. As a control, 100 mM H,0, was tested in rat platelets. Our
data show that EtOH alone did not affect any of the analyzed parameters, whereas CaCl,
significantly increased aggregation of rat and human platelets. In addition, CaCl, alone enhanced
serotonin release in rat platelets. EtOH counteracted CaCly-induced aggregation and serotonin
release. In the presence of CaCl,, EtOH reduced the 130 kDa APP isoform in rat and human
platelets. In conclusion, this study shows that in the presence of CaCl,, EtOH affects the platelet
function and APP processing in rat and human platelets.
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Introduction

Platelets contain large amounts of amyloid precursor protein (APP) and are the most
important source of plasma beta-amyloid (Af) [1, 2]. APP is partly expressed as an intact
protein on the cell surface and is stored as proteolyzed fragments in a granules in platelets
[3-5]. Platelet APP can be processed to Af by secretases via the same amyloidogenic and
non-amyloidogenic pathways as found in the brain [6]. Deposition of AfZin vessels (cerebral
amyloid angiopathy, CAA) and in the brain (plaques) is an important hallmark of
Alzheimer’s disease (AD). However, the causes of Afaccumulation are still unclear.
Dysfunctional Ag clearance at the blood—brain barrier (BBB) or aberrant APP processing in
platelets may be implicated in these processes.
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In fact, platelets of AD patients have been found to have an altered ratio of 130 kDa and
106/110 kDa APP isoforms [7]. Various stimuli can activate aberrant APP processing, such
as oxidative stress [8], platelet activation [9], calcium dyshomeostasis [10], or high
cholesterol levels [11]. As platelets are the primary source of plasma A#[12], such a
dysregulation involving oxidative stress may result in increased Af deposition. It is well
known that oxidative stress induced by, e.g. hydrogen peroxide (H,O5) affects APP
expression in human platelets [8]. Oxidative stress induces platelet activation and treatment
with the antioxidant glutathione partly counteracted altered APP processing in rat platelets
[8]. Moreover, it is well established that in platelets CaZ* is an important second messenger
downstream of most signaling pathways [13] and plays an important role in APP processing.

Ethanol (EtOH) can induce oxidative stress in platelets, most likely by generating H,0O,
[14]. EtOH easily passes the BBB and can influence neurons as well as blood cells. In blood,
EtOH affects platelet function by either dampening platelet activation or decreasing platelet
inflammatory response [15]. In addition, EtOH prevents platelet aggregation involving
prostacyclin (PGly), thromboxane A2 (TXA,), plasminogen activator or fibrinogen [16]. It
is well established that EtOH is a vascular risk factor and heavy chronic EtOH consumption
accounts for cerebrovascular disease [17-19], whereas moderate EtOH exposure reduces the
risk for coronary artery disease [20-22]. The cardioprotective effect of EtOH is mediated by
antioxidative properties [23], an increase in high-density lipoproteins [24] or vasodilatative
and anti-thrombotic activities [23].

In the present study we investigate the effects of EtOH alone and in combination with CaCl,
on platelet function (aggregation and serotonin release) as well as on APP processing in rat
and human platelets. We show that EtOH prevents the CaCl,-induced aggregation of
platelets and significantly reduces the full-length APP 130 kDa isoform in rat and humans,
but only in the presence of CaCl,.

Platelet isolation and stimulation

Ethylendiamintetraacetate (EDTA) blood (10 ml) was collected and processed within 3
hours as described previously [8]. All experiments in humans and animals were approved by
the Austrian Ethics Committee. Adult Sprague—Dawley rats were anaesthetized with a high
dose of thiopental (Sandoz, Kundl, Austria), and blood was drawn directly from the heart
using a 21-gauge butterfly blood collection system (BD Valu-Set, BD, USA). Human
platelets were isolated from blood obtained from healthy volunteers (age = 36 £ 4.7 years, n
= 8) Blood was collected in EDTA tubes (S-monovettes, Sarstedt, Niirnbrecht, Germany)
and gently mixed. Immediately after collection, anticoagulated blood was centrifuged at
250g for 15 minutes to obtain platelet-rich plasma (PRP). All centrifugation steps were
performed at room temperature. PGl, (500 nM; Sigma, P6188, Austria) was added to
prevent platelet activation. Platelets were separated from PRP by centrifuging at 2300g for
10 minutes and washed in Ca2*-free Tyrode’s buffer (136 mM NaCl, 2.7 mM KCI, 12 mM
NaHCOs, 0.42 mM NaH,PO4, 1 mM MgSo4, 5 mM glucose, pH 6.5). After further
centrifugation at 23009 for 10 minutes, platelets were finally resuspended in 1 ml Tyrode’s
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buffer (adjusted to pH 7.4). Platelets were counted under the phase-contrast microscope with
a counting chamber (Burker-Tirk, Laboroptik, Lancing, UK).

Rat or human platelets (5 x 108 platelets) were then incubated with and without 50 mM
EtOH or 2 mM CaCl, or 100 mM H,0, (30%, Merck, Darmstadt, Germany) in 120 pl
Tyrode’s buffer (pH 7.4) for 20 or 180 minutes at 37°C. Then a small aliquot (10 pl) was
pipetted onto gelatin-coated glass slides and processed for immunohistochemistry. The rest
was centrifuged for 10 minutes at 2300g, and the supernatants and pellets were frozen at
—80°C until use. Supernatants were used for the analysis of serotonin, and pellets were
extracted for western blot analysis.

Immunohistochemistry

Immunohistochemistry was performed as recently described [8]. Platelets were spotted onto
glass slides, air-dried and then immediately (the same day) postfixed in 4%
paraformaldehyde for 30 minutes at 4°C. In order to avoid immunohistochemical artefacts
[25], staining was performed on freshly isolated platelets on the same day and additional
incubation times during processing or freezing were strictly avoided. Cells were then
washed for 30 minutes with 0.1% Triton/phosphate-buffered saline (T-PBS), pretreated with
5% methanol/1% H,04/PBS. Then the cells were washed twice for 5 minutes with PBS,
blocked with 20% horse serum/0.2% BSA/T-PBS. Rat platelets were incubated with the
primary antibody mouse anti-CD61 (Serotec, UK; MCA 1773, 1:200) and human platelets
with mouse anti-CD41 (Abcam, Cambridge, MA, USA; ab63323, 1:200) in 0.2% BSA/T-
PBS at room temperature overnight. Cells were washed and incubated with secondary
biotinylated anti-mouse (Vector Laboratories, Burlingame, CA, USA; BA-2001, 1:200)
antibody for 1 hour at room temperature. After rinsing twice in PBS, slides were incubated
in avidin-biotin complex solution (ABC; Vector Laboratories, USA; Elite Standard PK
6100) for 1 hour, and then washed twice in 50 mM Tris-buffered saline (TBS). The signal
was detected using 0.5 mg/ml 3,3’-diaminobenzidine (DAB) in TBS with 0.0003% H,0, as
substrate. Reaction was stopped in TBS, and slides were allowed to dry and were cover-
slipped.

Analysis of serotonin

Serotonin release was measured by high-pressure liquid chromatography (HPLC) and
electrochemical detection as described by us [8]. The frozen supernatants were thawed and
20 pl was injected onto a reversed-phase C18 Nucleosil column (Bartelt, Graz, Austria) at a
flow rate of 1 ml/minute using the following mobile phase: 0.05 M trichloric acid, 0.26 mM
EDTA, 1.36 mM NaCl, 1.81 mM heptane sulfonic acid and 15% acetonitril in HPLC water.
Detection was performed with an electrochemical detector (Antec-Leyden, Decade I,
Biolab, Vienna, Austria) at +0.55 V at 30°C. All unknown samples were correlated to
external standards of serotonin (Sigma, Austria; H9523) according to peak heights.

Western blot analysis

To analyze the expression of APP isoforms (130 and 106/110 kDa) western blot analysis
was performed as recently described [8]. The frozen pellets were dissolved in 80 ul PBS
with a protease inhibitor cocktail (Sigma, P-8340, Austria), and then sonicated on ice with
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five pulses each for 10 seconds (Branson Sonifier 250, Danbury, USA) and centrifuged at
16,000g for 10 minutes. The total protein in each supernatant (extract) was determined using
the Bradford protein determination assay (Bio RAD Protein Assay, Life Science, Vienna,
Austria). Bovine serum albumin (BSA; albumin bovine fraction V; Sigma) was used as
standard at concentrations of 0, 2, 5, 10, and 20 pg/ml protein. Analysis was performed with
the Zenyth microplate reader (Anthos, HVD, Vienna, Austria) at 595 nm. The remaining
extracts were frozen at —80°C until use.

For western blot analysis, the extracts were thawed and 10 ug total protein was loaded onto
4-12% Bis-Tris polyacrylamide gel (Invitrogen, Vienna, Austria) and electrophoresed for 45
minutes at 200 V. Samples were electrotransferred to nylon P\VDF Immobilon-PSQ
membranes (Millipore, Schwalbach, Germany) for 90 minutes at 30 V with 20% methanol
blotting buffer (Invitrogen, Vienna, Austria). For detection, the Western Breeze
Chemiluminescent System (Invitrogen, Vienna, Austria) was used. Blots were blocked for
30 minutes with blocking buffer, then incubated overnight at 4°C with the primary antibody
mouse anti-APP (Millipore-Merck, Schwalbach, Germany; MAB348, 1:2000) or rabbit anti-
actin antibody (Sigma, Austria; A2066, 1:1000). Blots were washed and incubated with
alkaline phosphatase-conjugated anti-mouse (APP) or anti-rabbit (actin) antibodies for 30
minutes at room temperature. After being washed, blots were incubated in CDP-Star
chemiluminescent substrate solution and the signal was visualized with a cooled CCD
camera (SearchLight, Aushon Biosystems, Billerica, MA, USA).

Quantification and statistical analysis

Results

Measurement of optical density (OD) in western blots was performed by computer-assisted
densitometry (Photoshop). The number of single platelets and aggregates was counted under
the microscope (Olympus, BX61) at 40 x magnification. Statistical analysis was performed
by one-way analysis of variance (ANOVA) with a subsequent Fisher LSD post-hoc test
(KaleidaGraph; Synergy Software). A p value <0.05 was considered statistically significant.

Rat platelet controls

Immunohistochemistry of control platelets revealed approximately 4000 discoid single
CD61+cells/mm? after 20 or 180 minutes (Figure 1A, Table 1). In control samples
approximately 30 CD61+aggregates/mm?2 were seen after 20 minutes, which decreased to
approximately 10 CD61+aggregates/mm? after 180 minutes (Table 1). Western blot analysis
of control platelets revealed APP fragments at 130 and 106/110 kDa (Figure 2A). Actin was
used as a control and was detectable at 40 kDa (Figure 2A). Serotonin release was found to
be approximately 150 ng/ml after 20 or 180 minutes (Table I1). In order to test maximal
stimulation, we exposed rat platelets to 100 mM H,0O», which decreased the number of
CD61+cells/mm? (Table 1), enhanced serotonin release (Table 11) and decreased APP
isoform expression (Figure 2).
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Effects of EtOH on rat platelets

Treatment with 50 mM EtOH for 20 or 180 minutes did not affect any of the tested
parameters: CD61+cells/mm? (Figure 1, Table 1), aggregates/mm? (Figure 1, Table I1),
serotonin release (Table I1), and processing of APP isoforms (Figure 2).

Effects of CaCl, on rat platelets

When rat platelets were treated with 2 mM CaCl, for 20 or 180 minutes, the number of
CD61+cells/mm?2 was reduced (Table 1), but the number of aggregates significantly
increased (Table I1, Figure 1). Serotonin release was significantly enhanced after 20 or 180
minutes (Table Il). CaCl, treatment alone did not affect APP isoform processing (Figure 2).

Effects of EtOH and CaCl, combination on rat platelets

When rat platelets were treated with combined EtOH and CaCls,, the number of
CD61+cells/mm? was significantly decreased after 20 or 180 minutes as compared to
treatment with EtOH alone (Table I). In parallel, the number of CD61+platelet
aggregates/mm?2 markedly decreased (Table I) and the release of serotonin increased after 20
minutes, but not after 180 minutes. Western blot analysis revealed a significant reduction in
the 130 kDa fragment 20 and 180 minutes after combined treatment with EtOH and CaCly,
as compared with treatment with EtOH alone (Figure 2A and B).

Effects of EtOH and CaCl, on human platelets

Immunohistochemistry of control human platelets revealed approximately 1000 discoid
single CD41+cells/mm? and approximately 3 CD41+aggregates/mm? after 20 minutes
(Figure 3A). Serotonin release was approximately 110 ng/ml (n = 8, Figure 3B). All three
APP isoforms of 130 and 106/110 kDa were detectable by western blot analysis. Exposure
of human platelets to 50 mM EtOH for 20 minutes did not affect any of the tested
parameters: number of CD41+cells/mm?2 or CD41+aggregates/mm? (Figure 3A), serotonin
release (Figure 3B), expression of APP isoforms (Figure 3C). When human platelets were
exposed to 2 mM CacCl, for 20 minutes, CD41+aggregation significantly increased (Figure
3A). However, CaCl, did not alter the number of CD41+cells/mm?2, or change serotonin
release (Figure 3B) or APP isoform expression (Figure 3C). Combined EtOH and CaCl,
treatment increased the number of CD41+cells and decreased the CD41+aggregates/mm? as
compared to treatment with EtOH alone (Figure 3A), but did not alter the release of
serotonin. Western blot analysis revealed a significant reduction in the APP 130 kDa
fragment after EtOH and CaCls, treatment for 20 minutes as compared to treatment with
EtOH alone (Figure 3B).

Discussion

The present study shows that EtOH counteracts CaCl,-induced platelet aggregation and that
combined EtOH and CaCl, treatment affects APP processing in human and rat platelets.

As previously shown, the mature fully glycosylated 130 kDa APP as well as the smaller 106
and 110 kDa APP isoforms are detectable in rat as well as in human platelets [8, 26].
Platelets contain A peptides that are cleaved from APP by «, 5, or y secretases in the
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presence of CaZ* [10]. AS, APP as well as soluble fragments of APP (SAPP) are released
upon activation from platelet a-granules [26]. In fact, platelets are the major source of
plasma A5 [12], and increased production and accumulation of A may play an important
role in the development of CAA [9, 27, 28].

Moderate EtOH consumption protects against the development of cardio- and
cerebrovascular disease by increasing high-density lipoprotein levels or by decreasing
platelet activation and clotting activity [29-31]. On the other hand, EtOH induces oxidative
stress, generates H,O», and oxidizes sulphydryl groups in human platelets [32]. In the
present study rat and human platelets were treated with 50 mM (2.4 g/l) EtOH, which is a
well-established experiment concentration [33] that reflects plasma EtOH levels of
approximately 2%.. We show that EtOH alone did not affect the total number of platelets,
the number of aggregations, serotonin release or APP processing.

In platelets intracellular Ca2* is basically stored in the dense tubular system [34], and
platelet agonists increase intracellular Ca2* levels and trigger shape change, aggregation,
and granule secretion [35, 36]. Our study shows that CaCl, alone enhanced platelet
aggregation as well as serotonin release, reflecting direct activation of platelet granule
content. Interestingly, serotonin in human platelets was not altered by CaCl, treatment. This
may point to an improved re-uptake mechanism in human platelets and is in line with
previous studies [37]. Furthermore, various Ca?*-related mechanisms in rat and human
platelets have been suggested [38]. Thus, rat platelets may be more vulnerable to an
imbalance in Ca* homeostasis than are human platelets. Moreover, it has been reported that
altered Ca%* homeostasis may play a role in APP processing [10, 39]. However, in the
present study CaCl, alone did not affect APP isoform expression, either in rat or human
platelets. This is in line with the findings of others [40] and may suggest that CaCls is only a
co-factor in aberrant APP processing.

It is well established that EtOH prevents platelet aggregation by influencing Ca2-dependent
mechanisms, possibly by preventing transplasmalemmal Ca? entry [41, 42]. Our present
study is in agreement and shows that EtOH counteracts CaCl,-induced platelet aggregation
in humans and rats. In parallel, the CaCl,-induced serotonin release of rat platelets was also
counteracted by EtOH, clearly pointing to a similar mechanism. After combined EtOH and
CaCl, treatment, the number of CD41+cells was increased as compared to treatment with
EtOH alone. This may point to strong anti-aggregatory effects of EtOH in human platelets.

In this study we show for the first time that EtOH affects APP processing by reducing the
APP 130 kDa isoform, but only in the presence of CaCls. In contrast, treatment with neither
EtOH nor CaCls, alone had an effect on the expression of APP isoforms. It is well
established that in AD aberrant processing of APP occurs and that the larger 130 kDa
isoform is markedly reduced [7, 8, 43, 44]. It is interesting to see that the effect of combined
CaCl, and EtOH on APP isoforms in rat and human platelets resembles the alterations found
in platelets of AD patients. However, the mechanism by which the large 130 kDa isoform is
reduced is still unclear and controversial. RT-PCR experiments evaluated that the mRNAs
of the three major APP transcripts are not altered [4]. In contrast, a significant upregulation
of APP TOT, APP KPI, APP 770 and APP 751 has been reported [45]. These findings
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suggest that no marked alterations in transcript expression occur. Thus, it seems likely that
the decline in mature APP in platelets of AD patients is due to abnormalities in processing
and not to alternative splicing. Potentiating deleterious effects of high CaZ* levels and EtOH
possibly plays a role in this aberrant APP processing and may be critical for developing
alcohol-induced dementia or AD. Indeed, EtOH consumption elevates APP levels and
influences the Af-producing enzymes fsecretase (BACE1L), and j-secretase, presenilin 1
(PS1) and nicastrin in rat brains, thus providing a possible link between altered APP
processing and alcohol consumption [46, 47]. In addition, altered Ca?* homeostasis may be
involved in this process, since Ca2* regulates APP processing [10, 39]. Interestingly, also
high cholesterol serum levels reduce expression of the higher molecular weight 130 kDa
APP form in human platelets [11]. In fact, cholesterol may play a role in AD pathology by
regulating Ag production and promoting the f-secretase pathway [48]. Thus, the vascular
risk factor (e.g. EtOH or cholesterol) as well as altered CaCl, homeostasis may contribute to
APP isoform alterations in platelets and subsequently increased production and
accumulation of Ag, e.g. in vessels.

In conclusion, our data show for the first time a decrease in the 130 kDa isoform induced by
EtOH, but only in the presence of CaCl, in rat and human platelets. The reduction in this
isoform is also seen in AD platelets, possibly pointing to similar (oxidative stress)
mechanisms. Furthermore, EtOH counteracted CaCl,-mediated platelet aggregation, thus
indicating the haemostatic properties of EtOH.
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Figure 1.
Immunohistochemical staining of rat platelets. Freshly isolated rat platelets (5 x 108) were

treated without (Co, A) or with 50 mM EtOH (B), 2 mM CaCl;, (C) or with 50 mM EtOH
and 2 mM CaCl, (D) for 20 minutes; an aliquot (10 pl) was spotted onto gelatin-coated glass
slides and immunohistochemically stained for CD61. Note that CaCl, markedly enhanced
the number of CD61+platelet aggregations (C). Scale bar in A ~20 pm.
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Figure 2.
Western blot analysis of rat platelet extracts. Western blot analysis revealed three isoforms

of amyloid precursor protein (APP) at 130 and 106/110 kDa in control (Co) platelets (A).
Actin was used for quantitative correlation and revealed a size of approximately 40 kDa (A).
Incubation of rat platelets with 100 mM hydrogen peroxide (H100) markedly decreased APP
immunoreactivity of the 106/110 kDa fragments after 20 minutes (A, C) and reduced all
three APP fragments after 180 minutes (B, C). Exposure of rat platelets to either EtOH alone
or CaCl, alone did not affect the APP isoforms at either time (A, B, C). At both times (A, B)
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combined treatment with EtOH and CaCl, markedly decreased the immunoreactivity of the
APP 130 kDa fragment as compared to treatment with EtOH alone. Values are given as
mean + SEM OD. Statistical analysis was performed by ANOVA with a subsequent Fisher
LSD post-hoc test. Values in parenthesis give the number of subjects; *p < 0.05; **p < 0.01.
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Figure 3.
Effects of EtOH exposure on human platelets. Freshly isolated rat platelets (5 x 108) were

treated without (Co) or with 50 mM EtOH, 2 mM calcium chloride (CaCly) or with 50 mM
EtOH and 2 mM CaCl, (E+C) for 20 minutes. (A) An aliquot (10 pl) was spotted onto glass
slides and immunohistochemically stained for CD41. Note that CaCl, markedly enhanced
the number of CD41+platelet aggregates. (B) Serotonin release was not affected by the
various treatments. (C) Combined treatment with EtOH and CaCl, markedly decreased the
immunoreactivity of the APP 130 kDa isoform as compared to treatment with EtOH alone.
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Values are given as mean = SEM number of CD41+aggregates/mm? (A) or ng/ml serotonin
(B) or OD (C). Statistical analysis was performed by ANOVA with a subsequent Fisher
LSD post-hoc test. Values in parenthesis give the number of subjects; *p < 0.05; **p < 0.01;
***p < 0.001.
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Table |

Effects of ethanol and calcium chloride on CD61+cells and aggregates in rat platelets.

Number of CD61+cells/mm? Number of CD61+aggregates/mm?
Treatment 20 minutes 180 minutes 20 minutes 180 minutes
Control 4873 +353 (9) 3913 + 487 (7) 27+7(9) 9+4(7)
H100 5020 £ 673 (9) 277 ()" 7+7(9)" 0+0 (7"
EtOH 5913 + 420 (9) 4560 + 653 (7) 20+7(9) 5+3(7)
CaCl, 3400 £ 607 (10)° 2227 +253(8)"" 537 (10)"" 24+4(8)
EtOH+CaCl, 4486 +433 (13)8 2033+353(7)8 277 (13 13+5(7)

Freshly isolated rat platelets (5 x 108) were treated with 100 mM hydrogen peroxide (H100) or not (control), or with 50 mM ethanol (EtOH) or
2mM calcium chloride (CaCl2), or with 50 mM EtOH and 2 mM CaCl2 (EtOH+CaCl2) for 20 or 180 minutes. An aliquot of the platelets (10 pl)

was spotted onto glass slides and immunohistochemically stained for CD61. Single platelets and platelet aggregations were counted under the
microscope at 40 x magnification in a 336 x 448 um field. VValues are given as mean + SEM number of cellsimm2 or aggregations/mmz. Statistical
analysis was performed by one-way analysis of variance (ANOVA) with a subsequent Fisher LSD post-hoc test.

Values in parenthesis give the number of experiments.

*%
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*
p<0.001 versus controls

* %
p<0.01 versus controls

*

p<0.05 versus controls
§

p<0.05 vs. CaCl2

#p<0.05 vs. EtOH
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Table Il

Effects of ethanol and calcium chloride on serotonin release in rat platelets.

Treatment Serotonin [ng/ml x 20 minutes]  Serotonin [ng/ml x 180 minutes]
Control 122 +20 (11) 168 + 42 (7)

H100 791 + 163 (11)*" 1343 + 386 (6)"

EtOH 189 + 56 (11) 417 + 159 (7)

CaCl, 580 + 108 (10) 755 + 160 (9)""
EtOH+CaCl, 561 + 106 (13)8 325+33(9)

Page 16

Freshly isolated rat platelets (5 x 108) were treated with 100 mM hydrogen peroxide (H100) or not (control), or with 50 mM ethanol (EtOH), or
with 2 mM calcium chloride (CaCl2), or with CaCl2 and 50 mM EtOH (EtOH+CaCl?) for 20 or 180 minutes. Platelets were centrifuged and
supernatants were evaluated by high-pressure liquid chromatography electrochemical detection (HPLC-EC) to measure serotonin release. Values
are given as mean + SEM ng/ml x 20 or 180 minutes. Statistical analysis was performed by ANOVA with a subsequent Fisher LSD post-hoc test.

Values in parenthesis give the number of experiments.

*%

* %

*
p<0.001 versus controls

p<0.01 versus controls

*
p<0.05 versus controls

8

p<0.05 vs. EtOH
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