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Summary. Background: Apoptosis or programmed cell death

involves a number of biochemical events, including the

activation of caspases, which lead to specific cell morphology

changes and ultimately cell death. Traditionally, two apoptotic

pathways have been described: the cell-surface death receptor-

dependent extrinsic pathway and the mitochondria-dependent

intrinsic pathway. Alternatively, apoptosis has been reported to

be induced by endoplasmic reticulum (ER) stress, which is

mainly induced by a reduction in intraluminal free Ca2+

concentration ([Ca2+]ER).Objectives: The present study aimed

to investigate the development of apoptotic events after ER

stress induced byN,N,N¢,N¢-tetrakis(2-pyridylmethyl)ethylene-

diamine (TPEN), an ER Ca2+ chelator, in human platelets.

Methods: Changes in cytosolic free Ca2+ concentration, cas-

pase activity and phosphatidylserine externalization were

determined by fluorimetric techniques. Results: Our results

indicate that TPEN reduces the amount of free Ca2+ releasable

by the Ca2+-mobilizing agonist thrombin. TPEN induced

activation of caspase-3, -8 and -9 and subsequent phosphati-

dylserine externalization. The ability of TPEN to induce

phosphatidylserine externalization was smaller than that of

thrombin. In addition, TPEN was able to induce phosphory-

lation of the eukaryotic initiation factor 2a (eIF2a). TPEN-

mediated caspase-3 activation requires functional caspase-8,

but is independent of H2O2 generation. Activation of caspase-3

and -8 by TPEN was prevented by salubrinal, an agent that

prevents ER stress-induced apoptosis. Conclusion: These find-

ings provide experimental evidence for the existence of ER

stress-mediated apoptosis in human platelets, a process that

might limit platelet life span upon prolonged stimulation with

agonists.

Keywords: apoptosis, calcium signaling, caspases, ER stress,

thrombin, TPEN.

Introduction

The physiological role of the endoplasmic reticulum (ER)

includes the synthesis, folding and modification of secretory

and transmembrane proteins, and regulation of cellular Ca2+

homeostasis [1]. ER function requires a high level of Ca2+, an

oxidative environment and a number of resident proteins,

called chaperons, which regulate protein folding. The ER has a

high sensitivity to alterations in Ca2+ homeostasis and low

luminal concentrations of Ca2+ ([Ca2+]ER) are able to produce

oxidative stress and accumulation of unfolded and misfolded

proteins, resulting in ER dysfunction and stress [1,2], which

initiates the development of apoptosis. There are three known

apoptotic pathways triggered by ER stress: the CHOP(C/EBP

homologous protein)/GADD153 pathway, the cJUN NH2-

terminal kinase (JNK) pathway and the caspase pathway [1].

Caspases are cysteine aspartate proteases involved in apop-

tosis, leading to the loss of cellular structure and function,

phosphatidylserine exposure and cell death [3]. In particular,

caspase-3, -8 and -9 play a relevant role in apoptosis: caspase-9

is activated by mitochondrial cytochrome c release, caspase-8

activation is induced by the occupation of the Fas/CD95

receptor, and caspase-3 is an executioner caspase activated by

multiple pathways [4]. Recent studies have demonstrated that

ER stress induces activation of caspase-2, -8, -9, -11 and -12 [5–

8].

Platelets express several components of the apoptotic

machinery. Platelet activation by thrombin, a Ca2+ mobilizing

agonist, induces H2O2-mediated apoptotic events, including

cytochrome c release, caspase-3 and -9 activation, phosphati-

dylserine exposure and Bid, Bax and Bak activation [9–13],

although it is unknown whether depletion of the intracellular

Ca2+ stores, especially the dense tubular system, the analogue

of the ER in platelets, has a role in the development of

apoptotic events. Here we have investigated the development of

apoptotic events after ER stress in human platelets induced by
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N,N,N¢,N¢-tetrakis(2-pyridylmethyl)ethylenediamine (TPEN),

a cell-permeant ER Ca2+ chelator that induces ER stress [14].

Materials and methods

Materials

Fura-2 AM and calcein-AM were from Molecular Probes

(Leiden, theNetherlands). Apyrase (grade VII), aspirin, throm-

bin, thapsigargin (TG), CHAPS, 2,5-di-(tert-butyl)-1,4-hydro-

quinone (TBHQ), catalase, fluorescein isothiocyanate-labeled

annexin V,N,N,N�,N�-tetrakis-(2-pyridylmethyl)-ethylenedia-

mine (TPEN), glutaraldehyde, acetyl-Asp-Glu-Val-Asp-7-

amido-4-methylcoumarin (AC-DEVD-amc), N-acetyl-Leu-

Glu-His-Asp-7-amido-4-methylcoumarin (AC-LEHD-amc),

anti-actin antibody and BSA were from Sigma (Poole, Dorset,

UK). The caspase inhibitors z-IETD-fmk and z-LEHD-fmk

were from BD biosciences (Madrid, Spain). The caspase-8

substrate N-acetyl-Ile-Glu-Thr-Asp-7-amino-4-methylcouma-

rin (AC-IETD-amc) was from Bachem (Weil am Rhein,

Germany). Salubrinal was from Tocris (Bristol, UK). Rabbit

anti-phospho-eIF2a (Ser51) antibody and anti-caspase-3 anti-

body was from Cell Signalling (Danvers, MA, USA). Horse-

radish peroxidase-conjugated anti-rabbit IgG antibody and

anti-caspase-8 antibody were from Santa Cruz Biotechnology

(Santa Cruz, CA, USA). Horseradish peroxidase-conjugated

anti-mouse IgG antibody was from Amersham, (Buckingham-

shire, UK). Enhanced chemiluminescence detection reagents

were from Pierce (Cheshire, UK). All other reagents were of

analytical grade.

Platelet preparation

Blood was collected from healthy volunteers in accordance

with the Declaration of Helsinki and mixed with one-sixth

volume of acid/citrate dextrose anticoagulant containing (in

millimolar): 85 sodium citrate, 78 citric acid and 111 D-

glucose. Platelet-rich plasma was prepared by centrifugation

for 5 min at 700 · g and aspirin (100 lM) and apyrase

(40 lg mL)1) were added [15]. Cells were collected by

centrifugation at 350 · g for 20 min and resuspended in

HEPES-buffered saline (HBS) containing (in millimolar): 145

NaCl, 10 HEPES, 10 D-glucose, 5 KCl, 1 MgSO4, pH 7.45

and supplemented with 0.1% w/v BSA and 40 lg mL)1

apyrase.

Platelet viability

Cell viability was assessed by calcein loading of the cells and

trypan blue exclusion technique. For calcein loading, platelets

were incubated for 30 min with 5 lM calcein-AM at 37 �C,
centrifuged and suspended in HBS. Cells were treated with the

agents used, centrifuged and resuspended in HBS. Two-

millilitre aliquots were used for fluorescence recording (spec-

trophotometer, Varian Ltd, Madrid, Spain) at k ex: 494 nm

and k em: 535 nm. In this assay �95% of cells were viable in

our platelet suspensions, a result further confirmed by the

trypan blue exclusion technique.

Measurement of intracellular free calcium concentration

([Ca2+]c)

Cells were incubated at 37 �Cwith 2 lM fura-2 AM for 45 min

and resuspended in HBS. Fluorescence was recorded from

1 mL aliquots of magnetically stirred platelet suspensions

(108 cells mL)1) at 37 �C using the fluorescence Spectropho-

tometer (Varian Ltd) with k ex: 340 and 380 nm and k em:

505 nm. Changes in [Ca2+]c were monitored using the fura-2

340/380 fluorescence ratio and calibrated according to the

method of Grynkiewicz et al. Ca2+ release and influx was

estimated using the integral of the rise in [Ca2+]c for 2.5 min

after addition of CaCl2 [16].

Determination of phosphatidylserine externalization

Phosphatidylserine exposure was determined according to a

published procedure [12]. Briefly, samples of cell suspensions

(500 lL) were transferred to 500 lL ice-cold 1% (w/v)

glutaraldehyde in phosphate-buffered saline (PBS) for

10 min. Cells were then incubated for 10 min with annexin

V-FITC (0.6 lg mL)1) in PBS supplemented with 0.5% (w/v)

BSA. Cells were collected by centrifugation for 60 s at 3000 · g

and resuspended in PBS. Cell staining was measured using a

fluorescence Spectrophotometer with k ex: 496 nm and k em:

516 nm. Phosphatidylserine externalization was estimated

numerically as arbitrary units of mean fluorescence intensity

and presented as fold increases over control.

Western blotting

Proteins were separated by 10% SDS–PAGE and electropho-

retically transferred, for 2 h at 0.8 mA cm)2, in a semi-dry

blotter (Hoefer Scientific, Newcastle, Staffs, UK) onto nitro-

cellulose for subsequent probing. Blots were incubated over-

night with 10% (w/v) BSA in tris-buffered saline with 0.1%

Tween 20 (TBST) to block residual protein binding sites.

Membranes were incubated with anti-phospho-eIF2a, anti-

caspase-3, anti-caspase-8 or anti-actin antibodies diluted 1:1000

in TBST for 2 h. To detect the primary antibody, blots were

incubated with the appropriate horseradish peroxidase-conju-

gated anti-IgG antibody diluted 1:10 000 in TBST and exposed

to enhanced chemiluminescence reagents for 5 min. Blots were

exposed to photographic films and the optical density was

estimated using scanning densitometry.

Caspase activity assay

To determinate caspase-3, -8 and -9 activity platelet lysates

were incubated with 2 mL of substrate solution (20 mM

HEPES, pH 7.4, 2 mM EDTA, 0.1% CHAPS, 5 mM DTT

and 8.25 lM of caspase substrate) for 2 h at 37 �C as described

[13]. Substrate cleaving was measured with a fluorescence
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spectrophotometer with k ex: 360 nm and k em: 460 nm.

Preliminary experiments reported that caspase-3, -8 and -9

substrate cleaving was not detected in the presence of their

respective inhibitors. The activity of caspase-3, -8 and -9 was

calculated from the cleavage of the respective specific fluoro-

genic substrate AC-DEVD-amc, AC-IETD-amc and AC-

LEHD-amc, respectively, following the instructions of the

manufacturer.

Statistical analysis

Data are shown as mean ± SEM. Analysis of statistical

significance was performed using Student�s t-test. P < 0.05

was considered to be significant for a difference.

Results

TPEN reduces thrombin-evoked Ca2+ mobilization

In a Ca2+-free medium, treatment of fura-2-loaded platelets

with thrombin (1 U mL)1) evoked a transient elevation in

[Ca2+]c due to Ca2+ release from internal stores. Subsequent

addition of 300 lM Ca2+ to the external medium induced a

sustained increase in [Ca2+]c indicative of Ca2+ entry

(Fig. 1A). TPEN has been presented as a membrane-permeant

multivalent cation chelator, with moderate affinity for Ca2+

(Kd �130 lM), used to rapidly and reversibly chelate Ca2+

within the intracellular stores [17]. As shown in Fig. 1(A),

TPEN (200 lM) did not modify [Ca2+]c in a Ca2+-free

medium; however, due to in situ Ca2+ chelation in the ER,

in the presence of TPEN, thrombin-evoked Ca2+ release was

significantly reduced (P < 0.05). The chelating effects of

TPEN were achieved at times as short as 1 min after its

addition and were not enhanced by further incubation times

(Fig. 1B). In the presence of TPEN, thrombin-evoked Ca2+

entry was significantly attenuated, possibly as a result of

intracellular Ca2+ chelation and competition with the Ca2+

indicator (Fig. 1B; P < 0.05).
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Fig. 1. TPEN reduces thrombin-evoked Ca2+ mobilization in human

platelets. (A) Fura-2-loaded human platelets were suspended in a Ca2+-

free medium (100 lM EGTA was added) and then were treated with

200 lM TPEN or HBS (as control). Cells were then stimulated with 1 U/

mL)1 thrombin and 3 min later CaCl2 (final concentration 300 lM) was
added to initiate Ca2+ entry. Traces are representative of six independent

experiments. (B) Histograms represent thrombin-induced Ca2+ release

and entry, as indicated, in cells preincubated in the presence of TPEN for

various periods of time (1–60 min) or in its absence (t = 0). *P < 0.05

compared with controls (cells not treated with TPEN).

750

500

250

0

0 1 2 3 4 5 6 7 8
Time (min)

TPEN/HBS

TPEN

TG

Control

EGTA 100 µM

[C
A

2+
] c

 (
nM

)

CA2+ 300 µM

400

300

200
TPEN/HBS

TBHQ

Control

TPEN

Time (min)

EGTA 100 µM Ca2+ 300 µM

[C
a2

+
] c

 3
00

 n
M

 

100

0

0 1 2 3 4 5 6 7 8

100

120

80

60

40
*

*
*

20

0
TG TBHQ

Ca2+ release

Ca2+ entry

C
a2

+
re

le
as

e 
an

d 
en

tr
y

(%
 o

f c
on

tr
ol

)

A

B

C

Fig. 2. Effect of TPEN on TG- and TBHQ-evoked Ca2+ mobilization in

human platelets. (A andB) Fura-2-loaded human platelets were suspended

in a Ca2+-free medium and then were treated with 200 lM TPEN or the

vehicle (as control). Cells were then stimulated with 10 nM TG (A) or

20 lM TBHQ (B) and 3 min later CaCl2 (final concentration 300 lM) was
added to initiate Ca2+ entry. Traces are representative of six independent

experiments. (C) Histograms represent TG- or TBHQ-induced Ca2+ re-

lease and entry, as indicated, in cells preincubated for 1 min with TPEN.

*P < 0.05 compared with controls (cells not treated with TPEN).
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We have previously reported that thrombin releases Ca2+

from two intracellular stores in human platelets, the dense

tubular system (DTS) and the lysosome-related (acidic)

organelles [16,18]. Two different isoforms of sarcoplasmic/

endoplasmic-reticulum Ca2+-ATPases (SERCA) have been

identified in these stores [19–21]; SERCA 2b, insensitive to

TBHQ but inhibited by low concentrations of TG, is located in

the DTS [20,22], while SERCA 3, with low sensitivity to TG

[23,24] and sensitive to TBHQ [22], is located in the acidic stores

[16,18]. We have now investigated whether TPEN affects Ca2+

mobilization from both intracellular stores. In a Ca2+-free

medium, treatment with 10 nMTGor 20 lMTBHQ resulted in

small and sustained increases in [Ca2+]c due to Ca2+ efflux

from the DTS or the acidic stores, respectively. Subsequent

addition of Ca2+ induced a sustained increase in [Ca2+]c
indicative of store-operated Ca2+ entry (Fig 2A and B).

Preincubation with TPEN for 1 min significantly reduced

TG-evoked Ca2+ release (Fig. 2A and C; P < 0.05) but had a

negligible effect on TBHQ-induced response (Fig. 2B and C).

These findings suggest that TPEN is an efficient chelator of

Ca2+ accumulated in the DTS but had minor effects on the

acidic organelles.

TPEN induces phosphatidylserine externalization,

phosphorylation of eIF2a and caspase activation

Phosphatidylserine exposure has been presented as a major

apoptotic feature in human platelets [9,12]. Our results indicate

that 200 lM TPEN induced a time-dependent phosphatidyl-

serine exposure, which was detectable at times as short as 1 min

with a 1.20 ± 0.10-fold increase, and reached a maximal effect

after 60 min of treatment with a 2.14 ± 0.25-fold increase

(Fig. 3A). The effect of TPEN on phosphatidylserine external-

ization was significantly smaller than that induced by thrombin

(Fig. 3A).

The effect of TPEN on ER stress was tested by analyzing the

phosphorylation of eIF2a at Ser51, a crucial cellular response to

ER stress [25]. Phosphorylation of eIF2a was detected by

Western blotting using a specific anti-phospho-eIF2a (Ser51)

antibody [26]. As shown in Fig. 3(B), TPEN induced a time-
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Fig. 3. TPEN induces phosphatidylserine exposure and phosphorylation of eIF2a in human platelets. (A) Platelets were treated in a medium contain-

ing 1 mM CaCl2 with 200 lM TPEN for various periods of time (1–60 min) or with 1 U mL)1 thrombin for 30 and 60 min, as indicated, and PS exposure

was determined. (B and C) Platelets were treated in a medium containing 1 mM CaCl2 with 200 lM TPEN (B) or 1 lM TG (C) for various periods of

time (1–60 min), as indicated, and phosphorylation of eIF2a was determined by Western blotting. Molecular masses indicated on the right were

determined using molecular-mass markers run in the same gel. Values are presented as means ± SEM of six separate experiments and expressed as

fold-increase over the pretreatment level (experimental/control).
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dependent phosphorylation of eIF2a, reaching a maximal

effect after 60 min of treatment with a 4.5 ± 0.2-fold increase.

Similar results were observed with 1 lM TG, which reduces

[Ca2+]ER by inhibition of SERCA (Fig. 3C).

Treatment of platelets with 200 lM TPEN for various

periods of time (1–60 min) induced a time-dependent activa-

tion of caspase-3. TPEN induced a detectable increase in

caspase-3 activity after 1 min of treatment with a 1.12 ± 0.04-

fold increase (Fig. 4A; P < 0.05). Although maximal caspase-

3 activation was not reached in the range of time studied, after

60 min stimulation with TPEN caspase-3 activity reached a

1.77 ± 0.06-fold increase (Fig. 4A). TPEN also induced a

time-dependent activation of caspase-8, reaching a maximum

after 30 min stimulation with a 1.56 ± 0.04-fold increase

(Fig. 4B), and caspase-9, although the extent of activation was

smaller than that observed for caspase-3 or -8 (Fig. 4C).

Caspase activation was also found after platelet stimulation

with TG (1 lM), although, except for caspase-9, the effect of

TG was smaller than that of TPEN (Fig. 4).

We have now found that TPEN activates caspase-3 to a

similar extent as 10 lM H2O2, as previously reported [12],

which we have previously found to be generated by physio-

logical concentrations of agonists [27]. Hence, we have

investigated whether the effect of TPEN was mediated by

endogenous H2O2 generation using catalase, an enzyme that

activates H2O2 decomposition. Treatment of platelets for

10 min with 300 U mL)1 catalase did not significantly modify

TPEN-mediated caspase-3 activation (caspase-3 activity was

90.3 ± 8.5% of control in the presence of catalase; Fig. 5),

thus suggesting that caspase-3 activation by TPEN is not

mediated by generation of H2O2.

We have further investigated whether TPEN-mediated

caspase-3 activation requires caspase-9, by using z-LEHD-

fmk, a specific caspase-9 inhibitor [28], or caspase-8 activity, by

using z-IETD-fmk, a caspase-8 inhibitor [29]. As shown in

Fig. 5, treatment for 90 min with 40 lM z-LEHD-fmk had a

minor effect on TPEN-mediated caspase-3 activation. In

contrast, treatment for 90 min with the caspase-8 inhibitor z-

IETD-fmk significantly inhibited TPEN-mediated caspase-3

activation by 77% (Fig. 5; P < 0.05). Incubation of platelets

with a combination of z-LEHD-fmk and z-IETD-fmk induced

similar effects than z-IETD-fmk alone, further suggesting that

caspase-9 has a minor effect on the activation of caspase-3 by

TPEN.

Finally, we have investigated whether caspase activation by

TPEN is mediated by ER stress by using salubrinal, a cell-

permeant and selective inhibitor of the phosphatase complexes
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Fig. 4. TPEN-induces activation of caspase-3, -8 and -9 in platelets.

Platelets were treated in a Ca2+-free medium with 200 lM TPEN for

various periods of time (1–60 min) or with 1 lM TG for 60 min and

caspase-3 (A), -8 (B) and -9 (C) activities were estimated. Values are pre-
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that dephosphorylate eIF2a, which protects against ER stress-

induced apoptosis [30]. Treatment of human platelets for

30 min with 30 lM salubrinal significantly attenuated TPEN-

evoked activation of caspase-3 and -8 by 50% and 84%,

respectively (Fig. 6A; P < 0.05). This effect cannot be attrib-

uted to a reduction in caspase expression as shown in Fig. 6(B

and C).

Discussion

Platelets have been reported to express several components of

the apoptotic machinery, including proapoptotic proteins,

such as Bax, Bak and Bid [9,13] and caspase-3 and -9 [31,32].

Platelets also express caspase-8 and -10 [33]; however,

caspase-12 has not been found in platelets, despite it being

highly expressed in mature megakaryocytes [34]. Apoptosis in

platelets has been described under certain storage conditions

and after stimulation with agonists, a process mostly

associated with activation of the intrinsic apoptotic pathway

[9,12,13], and is involved in the determination of platelet life

span [35]. Here we show for the first time activation of

apoptotic events upon ER stress induced by the cell-

permeant Ca2+ chelator TPEN in human platelets. TPEN

attenuates [Ca2+]ER available to agonists, such as thrombin,

thus explaining the reduced thrombin-evoked Ca2+ release

observed in the presence of TPEN. TPEN (200 lM) was

unable to completely inhibit thrombin-stimulated Ca2+

release even after 60 min of treatment. Hence, we tested

the effect of TPEN on Ca2+ efflux from the DTS or the

acidic organelles in platelets, whose Ca2+ gradients are

maintained by SERCA2b and 3, respectively [19–22,36]. It is

known that SERCA2b and 3 are selectively inhibited by

either low concentrations of TG or TBHQ, respectively

[17,19,37]. Our results indicate that Ca2+ release from the

DTS was reduced by TPEN, which had no effect on Ca2+

release from the acidic stores. Although speculative, we

believe that the effect of TPEN is unlikely to be mediated

through a reduction of the Ca2+ leakage rate through the

membranes of the stores because this action would be

expected to affect both Ca2+ compartments, which is not the

case. Therefore, our results are more likely to be attributed to

a selective effect of TPEN on Ca2+ accumulated in the DTS,

the analogous of the ER in human platelets.

We have found that TPEN was able to induce the

development of apoptotic events, such as phosphatidylserine

externalization, in human platelets, in agreement with previous

studies in other cell types [38]. Our study demonstrates that

TPEN induces time-dependent activation of caspase-3, which

paralleled phosphatidylserine exposure and requires the activity

of caspase-8. In contrast to the intrinsic apoptotic pathway in

platelets, ER stress-mediated caspase-3 activation was not

dependent on the generation of H2O2 as demonstrated by the

use of catalase. Caspase activation was also achieved by TG, an

agent that induces ER stress by depletion of the Ca2+ stores

[39].

Phosphorylation of eIF2a at Ser51 is an important cellular

response to ER stress that represses general protein synthesis

[26]. We have found that TPEN, as well as the SERCA

inhibitor TG, is able to induce a time-dependent increase in the

phosphorylation of eIF2a at Ser51, thus supporting the ability

of TPEN to induce ER stress in human platelets.

ER stress has also been suggested to be associated with the

activation of other intrinsic pathways of apoptosis. Activation

of caspase-8 has been reported to induce cleaving of the BH3-

only protein Bid [40], which acts as a signal on the outer

mitochondrial membrane, thus promoting oligomerization of

the proapoptotic proteins Bax and Bak and cytochrome c

release [41]. This pathway might explain the activation of

caspase-9 by TPEN in human platelets. Several apoptotic

pathways, including those activated by ER stress, are also

involved in the maturation of hematopoietic cells and partic-

ularly in platelet formation [42,43], where the expression of

Ca2+-ATPases, especially SERCA3, has been reported to play

an important role [44,45].

In summary, our results demonstrate for the first time that a

reduction in available [Ca2+]ER, which leads to ER stress, as

demonstrated by phosphorylation of eIF2a at Ser51, results in
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Fig. 6. Salubrinal attenuates TPEN-induced activation of caspase-3 and -

8 in platelets. (A) Platelets were preincubated for 30 min with 30 lM sa-

lubrinal and then treated in a Ca2+-free medium with 200 lM TPEN for a

further 30 min. Caspase activity was determined as described in �Material

and methods�. (B and C) Platelets were treated with salubrinal and cas-

pase-3 (B) or caspase-8 (C) expression was determined by Western blot-

ting. Samples were reprobed with anti-actin antibody for protein loading

control. Immunoblot panels show results from one experiment represen-

tative of five others. Molecular masses indicated on the right were deter-

mined using molecular-mass markers run in the same gel. Values are

presented as means ± SEM of six separate experiments and expressed as

percentage of control (platelets not treated with salubrinal).
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time-dependent activation of caspase-3, a process that requires

caspase-8 activity, and phosphatidylserine externalization, two

features that are characteristic of the development of apoptosis

in human platelets. Although we cannot rule out the possibility

that chelation of heavy metals by TPEN, especially Zn2+,

participates in TPEN-mediated apoptosis in platelets, the

inhibitory role of salubrinal on TPEN-induced response and

the effect of TPEN on eIF2a phosphorylation, a mechanism of

the unfolded protein response used by cells to cope with ER

stress [46], support that ER stress is involved in TPEN-induced

caspase activation. These findings provide evidence for the

existence of a new apoptotic pathway in platelets that might

limit platelet life span upon prolonged stimulation with

physiological agonists.
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