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{
It has been reported that not only lysophosphatidic acid (LPA) but also its sphingolipid counterparf,
sphingosine 1-phosphate (Sph-1-P), induce platelet functional responses. We report here Syk activation in
human platelets stimulated with these lysophospholipids. LPA rapidly induced platelet protein-tyrosine
phosphorylation, including that of Syk, and Syk activation, assessed by immunoprecipitation kinase assay.
Sph-1-P, although rather weaker, mimicked LPA in inducing these tyrosine kinase-related events. Pretreat-
ment of platelets with staurosporine, a potent protein kinase inhibitor, diminished LPA-induced Syk phos-
phorylation and activation, but not intracellular Ca®>* mobilization. These results demonstrate that, in plate—
lets, the bioactive lysophospholipids induce Syk activation, whxch however, may not be related to Ca®*
mobilization. © 1996 Academic Press, Inc. .

Blood platelets play a central role in hemostasis, while overactive platelets are implicated
in the pathogenesis of thrombosis and atherosclerosis. Investigation of the mechanism(s) for
platelet activation is important for therapeutic purposes and is expected to have general implica-
tions for other cell types, as a model system for working out stimulus-response coupling

- pathways. Platelets can be activated by a variety of agonists, and lysophosphatidic acid (LPA),

the simplest natural glycerophospholipid, is one of the established platelet agonists (1, 2).
Furthermore, this bioactive phospholipid is released from activated platelets and is present in

serum at physiologically relevant concentrations (3). Therefore, LPA is assumed to act as a

local mediator, following discharge from platelets, to regulate cellular functions in an autocrine
(or paracrine) fashion (3). Recently, sphingosine 1-phosphate (Sph-1-P), a lysosphingolipid
structurally similar to LPA, has also been added to the list of bioactive lipids, capable of
activating platelets and released from activated platelets (4, 5). Although the role of these
lysophospholipids as autocrine stimulators of platelet aggregation has been proposed 1,3, 4,
the signaling pathway(s) by which they activate platelets are ill-defined.

In this study, we investigated the biochemical mechanisms of platelet activation induced by
these lysophospholipids with reference to tyrosine phosphorylation-related events, especially
Syk activation, since an increasing body of evidence has suggested an important role of Syk
for platelet activation (6, 7).

’ MATERIALS AND METHODS

Materials. Sph-1-P was prepared from sphingosylphosphocholine with bacterial phospholipase D as described
previously (8). The following materials were obtained from the indicated suppliers: LPA and enolase (Sigma, St.
Louis, MOY); staurosporine (Kyowa Medex, Tokyo, Japan); prostaglandin E, (PGE,) (Funakoshi, Tokyo, Japan);

! Corresponding author: Department of Laboratory Medlcme, Yamanashi Medlca] University, Tamaho-cho, Naka-
koma-gun, Yamanashi 409-38, Japan. Fax: +81-552-73-6713.
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FIG. 1. Platelet protein-tyrosine phosphorylation induced by LPA or Sph-1-P. Human platelets were stimulated
with 40 uM LPA (A) or Sph-1-P (B) for O s (a and ¢€), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet
protein lysates were separated by SDS-PAGE, and tyrosine-phosphorylated proteins were detected by Western blotting
using anti-phosphotyrosine MoAb (4G10).

monoclonal antibody (MoAb) against phosphotyrosine (4G10) (Upstate Biotechnology, Lake Placid, NY); MoAb
against Syk (Wako Chemicals, Tokyo, Japan); fura2-AM (Dojin Chemicals, Kumamoto, Japan).

Human platelets were isolated from the blood of healthy adult volunteers and handled as described previously (7).

Immunoblot analysis. Platelets proteins were separated, electroblotted, and probed with MoAb against phosphotyro-
sine or Syk as described previously (7).

Immunoprecipitation kinase assay. Immunoprecipitation of platelet lysates with MoAb against Syk was performed
as described previously (7). The immunoprecipitates were used for immunoblotting, as described above, or processed
further for in vitro kinase assay. In vitro kinase assay, using acid-treated enolase as exogenous substrate, was performed
as described previously (7).

Measurement of intracellular Ca®* concentration ({Ca®*);). [Ca?*]; measurement was performed with the use of
Ca®*-sensitive fluorophore fura2 as described previously (7), except that fluorescence measurements were made using
a FS100 (Kowa, Tokyo, Japan). The [Ca®*); values were determined from the ratio of fura2 fluorescence intensity at
340 and 380 nm excitation (9). The data shown in this study are those obtained form platelets supplemented with 1
mM EGTA to abolish the influx of extracellular Ca®*.

RESULTS

We first examined platelet protein-tyrosine phosphorylation induced by LPA or Sph-1-P
(Fig. 1). Among a set of tyrosine-phosphorylated proteins which appeared upon stimulation
with LPA, a 75 kDa protein was most heavily and rapidly tyrosine-phosphorylated one (Fig.
1A). Its tyrosine phosphorylation reached maximum as early as 15 s, and then decreased in
intensity thereafter. Sph-1-P also induced tyrosine phosphorylation mainly of a 75 kDa protein,
but with a slower time course (Fig. 1B). Since the 75 kDa protein band had been suggested
to include Syk (and cortactin), based on our previous study using collagen-induced platelets
(10), we investigated whether Syk was phosphorylated on tyrosine residues upon stimulation
with these phospholipids. Syk was immunoprecipitated with anti-Syk MoAb and analyzed on
immunoblots using anti-phosphotyrosine MoAb (Fig. 2). As expected, tyrosine phosphorylation
of Syk increased after stimulation of platelets with LPA (Fig. 2A) or Sph-1-P (Fig. 2B). The
level of tyrosine phosphorylation paralleled that of a 75 kDa protein observed in Fig. 1.

We next studied Syk tyrosine kinase activity using acid-treated enolase as an exogenous
substrate. The enolase phosphorylation activity of Syk increased upon stimulation with LPA
(Fig. 3A) or Sph-1-P (Fig. 3B). In these experiments, the amounts of immunoprecipitated Syk
were not affected by stimulation of platelets with LPA or Sph-1-P (data not shown). Thus, it
is likely that the increase in the enolase phosphorylation activity in the immunoprecipitates
was due to an increase in the specific activity of Syk.

From the results described above, platelets were confirmed to undergo Syk phosphorylation
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FIG. 2. Tyrosine phosphorylation of Syk in platelets stimulated with LPA or Sph-1-P. Platelets were stimulated
with 40 uM LPA (A) or Sph-1-P (B) for 0 s (a and e), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet
protein lysates were immunoprecipitated with anti-Syk MoAb. Immunoprecipitates were then subjected to Western
blotting using anti-phosphotyrosine MoAb.

and activation upon stimulation with the lysophospholipids (LPA and Sph-1-P). It is well
established that intracellular Ca** mobilization plays a pivotal role in platelet activation induced
by most agonists, including LPA (2) and Sph-1-P (4). Since the effect of LPA was stronger
than that of Sph-1-P, we evaluated the involvement of Syk activation in intracellular Ca®*
mobilization, using LPA-stimulated platelets. For this purpose, we used staurosporine, a very
powerful inhibitor of protein kinases (including tyrosine kinases) (11); we previously found
that staurosporine was the strongest inhibitor of tyrosine kinase(s) in platelets, although its
effect was not so specific (12). LPA-induced whole platelet tyrosine phosphorylation (Fig.
4A), Syk tyrosine phosphorylation (Fig. 4B), and Syk kinase activation (Fig. 4C) were all
inhibited by pretreatment of platelets with staurosporine (1 upM). In contrast, intracellular Ca**
mobilization induced by LPA was only slightly inhibited by this treatment (Fig. 5). This protein
kinase inhibitor inhibited the Ca®* mobilization by 36.9 + 1.2% (mean + SD, n = 3), while
PGE,, which inhibits platelet activation by elevating intracellular cAMP (13), completely
inhibited LPA-induced intracellular Ca** mobilization (Fig. 5, lower panel).

DISCUSSION

The lysophospholipids LPA and Sph-1-P, as bioactive lipids, are attracting much interest.
Recently, their role as autocrine stimulators of platelets has been proposed, since they are
released from activated platelets and their exogenous addition results in platelet activation (1-
5). However, the mechanism by which these lipids activate platelets is ill-defined. In this
study, we found that Syk, the non-receptor tyrosine kinase which is selectively expressed in
hematopoietic cells (6), is tyrosine-phosphorylated and activated by LPA and Sph-1-P. To our
knowledge, this is the first to show Syk involvement in the LPA- or Sph-1-P-mediated cell
signal transduction. This is probably because elucidation of the cell signaling induced by these
lysophospholipids has been performed mainly in non-hematopoietic cells such as fibroblasts
and smooth muscle cells (where Syk is not expressed) (1, 14). It is now considered that LPA
acts on its cognate G protein-coupled receptor(s), apparently present in many different cell
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FIG. 3. Activation of Syk in platelets stimulated with LPA or Sph-1-P. Platelets were stimulated with 40 uM LPA
(A) or Sph-1-P (B) for 0 s (a and e), 15 s (b and f), 1 min (c and g), and 5 min (d and h). Platelet protein lysates
were immunoprecipitated with anti-Syk MoAb. Immunoprecipitates were then subjected to in vitro kinase assay using
enolase as exogenous substrate.
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FIG. 4. Inhibition by staurosporine of LPA-induced platelet protein-tyrosine phosphorylation, Syk tyrosine phos-
phorylation, and Syk activation. Platelets were preincubated for 5 min in the absence (a, b, f, g, j, and k) or presence
of 10 nM (c and 1), 100 nM (d, h, and m) and 1 gM (e, i, and n) staurosporine and then stimulated without (a, f, and
j) or with (b-e, g-i, and k-n) 40 uM LPA. Lysate samples were processed for protein-tyrosine phosphorylation (A),
Syk tyrosine phosphorylation (B), and Syk activation (in vitro kinase assay using enolase as exogenous substrate)
(C). Incubation times of LPA were 15 s in (A) and (B), and 1 min in (C).

types (1). Based on cross-linking experiments, a putative LPA receptor with an apparent
molecular mass of 38-40 kDa has been reported in LPA-responsive cells and mammalian brain
(15). As for Sph-1-P, the site of action is controversial; some researchers have postulated the
existence of cell surface receptor for this phosphorylated Sph (16, 17), while others have
proposed Sph-1-P as an intracellular second messenger (18, 19). Elucidation of the mechanism

Ratio
49

a3 control
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FIG. 5. Effects of staurosporine or PGE, on LPA-induced intracellular Ca®* mobilization. Fura2-loaded platelets
were preincubated for 5 min in the absence (upper panel) or presence of 1 uM staurosporine (middle panel) or PGE,
(lower panel), and stimulated with 20 uM LPA. Changes in intracellular Ca®>* concentration were measured as
described under Materials and Methods. Arrows indicate the addition of LPA.
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for Syk activation in signal transduction initiated by cell surface receptors for LPA (and Sph-
1-P) may provide an insight into the signaling mediated by these lysophospholipids, which
would have general implications for other cell types.

Although the information on Syk-mediated downstream signaling has been fragmentary,
Syk involvement in intracellular Ca** mobilization has been suggested in platelets (6, 20).
This has been demonstrated using platelets stimulated with PAF (platelet-activating factor)
(20), which is also an important lipid mediator, as well as LPA and Sph-1-P, involved in
physiological platelet activation (13). In this context, it should be noted that staurosporine
failed to abolish Ca** mobilization induced by LPA in spite of its inhibition of Syk phosphoryla-
tion and activation, suggesting the discrepancy between Syk activation and Ca** mobilization
in LPA-stimulated platelet activation. It seems that various lipid mediators activate platelets
in their own ways.
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