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Thrombin-induced human platelet aggregation is inhibited by
protein-tyrosine kinase inhibitors, ST638 and genistein
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We have investigated the involvement of protein-tyrosine kinases in thrombin-induced uggregation of human platelets, using STS38 und genistein

which are known inhibitors of protein-tyrosine kinase, Preincubation of platelets with 50 #M of STG38 or 25 ug/mil of genistein completely blecked

the platelet uggregation induced with 0.05 unit/inl of thrombin. The increase of protein«tyrosine phosphorylution bunds (135., 124-, 76-, 64-, and

60-kDa) indused with thrombin was also inhibited by these inhibitors in 4 dose-dependent manner. These inhibitors also blocked the platelet

aggregation and protein-tyrosine phosphorylation induced with thrombin in aspirin-treuted platelets. Increase of the intracellular Ca®* concentra-

tion induced by thrombin was ulso inhibited by higher concentrutions of genistein. These results suggest that the protein-tyrosine phosphorylation
plays a certain role in platelet activation having some relation to the intracellular Ca®* concentration.

Platelet agpregation: Thrombin; Protein-tyrosine phosphorylation; Ca®; ST638; Genistein

1. INTRODUCTION

Stimulation of human platelets by physiological ag-
onists such as thrombin and collagen is associated with
a rapid turnover of inositol phospholipids through
phusphulipase C activation, which leads to intramem-
brane diacyiglycerol (DG) and inositol 1,4,5-tri-
phosphate (IP,) [1-3]. These DG and IP,, which activate
protein kinase C and mobilization of intracellular Ca*",
respectively, are considered to be intracellular messen-
gers [4,5). Thus, physiological responses of platelets are
elicited concurrently with these putative signal
transdustion processes. Though high levels of protein-
tyrosine kinase activity have been found in some non-
proliferating terminally differentiated cells such as neu-
rons and platelets [6-8], the physiological function of
protein-tyrosine kinases and their regulatory mecha-
nism in normal cells have not been clearly understood.
Platelets possess several protcin-tyrosine kinases such
as the cellular sre gene or fyn gene products [8-10] and
unidentified kinases [11]. In platelets, pp60°* is partic-
ularly rich [8).

Protein-tyrosine phosphorylation is transiently ele-
vated in intact human platelets when it is stimulated

Correspandence address: H, vumumura, Department of Biochemistry,
Fukui Medical School, Matsuoka, Fukui $10-11, Japan. Fax: (81)
776-67-8102,

Abbreviations: DG, diacylglycersl; 1P, inesitol 1.4,5-triphosphate;
EGF, epidermal growth fuclor.

‘On leave from Fukui Prefectural College.

10

with various agonists [12-18). Cellular responses of
platelets, i.e. aggregation and dense granule secretion,
are also tightly correlated with the protein-tyrosine
phosphorylation [13,14). On the other hand, it has been
recently found that the potent and specific protein-tyro-
sine kinase inhibitors such as erbstatin or genistein
block the platelet activating factor (PAF)-induced plate-
let activation in rabbit [19,20]. In this paper, we will
report the involvement of protein-tyrosine kinases in
thrombin-induced aggregation in human platelets, with
use of ST638 (z-cyano-3-ethoxy-4-hydroxy-5-phenyl-
thiomethylcinnamarmide) and genistein,

2. EXPERIMENTAL

2.1. Materials and chemicals

Human thrombin, prostaglindin E! and apyrase were purchased
from Sigma. Genistein and daidzein were obtained from Funakoshi
Pharmaceutical Co, ST638 was a gencrous gift from Dr, Tadayoshi
Shiraishi, Biochemicul Research Laboratories, Kunegafuehi Chemical
Industry Co., Ltd, Other chemicals were reagent grade. Antibodies
against phosphotyrosine conjugated to human immunoglobulin were
prepared by the method of EK and Heldin [21),

2.2, Methods

Isolation of human platelets and anti-phosphotyrosine immunoblot
analysis were carried out us described previously {16]. Platelet aggrega-
tion wus monitored using Chronolog Lumiaggregometer (CHRONGQ.
LOG. Corp.) as described previously [16].

Forthe measurement of protein-tyrosine kinase activily in the plates
lets extracts in vitro, washed platelets were suspendsed in 10 vols. of
butfer (50 mM Tris-HCl, pH 7.5, | mM EDTA, 10 mM 2-mercap-
toethanol and 10% glycerol). The suspension was sonicated in an ice
bath with three 15 s bursts in a sonicator, Particulate material was
collected by centrifugation at 100,000 x g for 60 min at 4°C and
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solubilized in the bufTer contuining 0.5% Triton X-100, The activitics
of particulate friactions were then assuyesd by measuring the phosphe-
rylution of E, G, (EDAEYAARRRG) us deseribed previously (7). in
the presence of various eoncentrations of protein-tyrosine kinase in-
hibitors, for § min ut 30°C.

Far the meusurement of intrucellular Cu®" concentrution, plutelets
{} ml, 3-5 x 10" cell¥/ml) were pluced on cuvettex at 37°C with stirring,
and fluorescence wiis monitored in a Shimadau fluoreseence spectros
meter RF-5000 with standurd monitor setting of 340 and 380 nm
excitution and 490 nm emission, Plitelets were loaded with Fura2-AM
ut a final concentration of § #M for 30 min at 37°C and washed with
HEPES-bufTered suline. Washed platelets were preincubated for 2 min
in the ubsence or presence of genistein and stimuluted by thrombin and
the analysis continugd for 3 min. In the presence of STGIB we could
not measure the intrucellulur Ca®* concentration because of having
fluorescence itself.

3. RESULTS

In the previous articles [14,16-18) we have shown that
protein-tyrosine phosphorylation of several proteins is
enhanced by the treatment of agonists such as throm-
bin, collagen, calcium ionophore A23187, vanadate
with H,Q, and wheat germ agglutinin in human plate-
lets. We have chosen ST638 and genistein which have
distinet inhibitory mechanisms of action to protein-ty-
rosine kinases to investigute whether protein-tyrosine
kinases are required for the platelet aggregation induced
with thrombin in human platelets. Fig. | shows a dose-
response for 8T638 or genistein inhibition of platelet
aggregation induced with thrombin at a concentration
of 0.05 unit/ml. Thrombin-induced aggregation was
blocked by these inhibitors in a dose-dependent man-
ner. The concentration of ST838 or genistein which
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Fig. 1. Effects of ST638 or genistein on platelet aggregation induced

with thrombin in intact human platelets. Platelets were preincubated

for 2 min in the presence of indicated concentration of (A) ST638

(0-50 uM) (B) genistcin (0-25 ug/ml) before the stimulation by throm-

bin (0.05 uniVml). Then aggregation was measured as described in

section 2. The urrow indicated the addition of thrombin. Cent, = in
the absence of inhibitors,

inhibited platelet aggregation to the basal level was 50
UM or 25 ug/m), respectively.

In the next experiments we examined the inhibitory
effect for the protein-tyrosine phosphorylation in plate-
lets induced by thrombin at a concentration of 0.05
unit/ml with the treatment of ST638 or genistein by
Western blotting using anti-phosphotyrosine antibod-
ies. As shown in Fig. 2, five phosphotyrasine protein
bands (135-, 124-, 76-, 64- and 60-kDa) which were
stimulated by thrombin were reduced by the addition of
ST6338 or genistein, This inhibitory effect was correlated
with that of platelet aggregation.
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Fig. 2. Inhibition of ST638 or genistein on thrombin-indused protein-tyrosine phosphorylation by immunoblotting. Platelets were stimulated by

thrombin (0.05 unit/ml) for 2 min after 2 min preincubation in the presence of the indirated concentration of (A) 8T638 or (B) genistein. Samples

were subjected to SDS~10% polyacrylamide gel electrophoresis, transferred to polyvinyliden difluoride membranes, probed with ami_phc_zsphoty-

rosine antiserum as described previously [16]. ST, ST638 (uM); Ge. genistein (g/ml); Conl. = no stimulation by thrombin, The lines indicate the

positions of proteins with moleculur masses of 135-, 124-, 76-, 64-, und 60-kDa that underwent tyrosine phosphorylation in response to thrombin
stimulation.
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Fig. 3. Effects of ST638 or genistein on the proteinstyrosine kinase

activity in the humun platelet extracts in vitra, Partieulate lructions

of platelet extracts were assayed for protein-tyrosine kinase aetivity

by measuring the phosphorylition of E,, G, s it substrute. The kinase

activities were assuyed in the presence of (A) ST638 (0-100 M) and

(B) genistein (0100 ug/mi) as described in section 2. These resulls were
representative of three experiments,

Although ST638 and genistein have been known po-
tenit and specific inhibitors for protein-tyrosine kinases,
it is necessary to examine whether activities of protein-

FEBS LETTERS

August 1992

tyrasine kinases in platelet extracts were inhibited by
them. We assayed protein-tyrosine kinase activily by
measuring the tyrosine phosphorylation of E,,G, which
is one of the best substrates for protein-tyrosine kinases.
Fig. 3 shows effects of ST638 or genistein on protein-
tyrosine kinuse activities in human platelet particulate
fractions in vitro. The kinase activities of particulate
fruction from platelet extracts were much higher than
those of supernatunt fractions (data not shown). Both
inhibitors strongly inhibited the protein-tyrosine kinase
activities from human platelets. Half maximal inhib-
itory concentrations of ST638 or genistein were about
15 M or 45 ug/ml, respectively.

Recently it has been reported that the inhibitory ef-
fect of genistein on platelet activation is due to its pre-
ventive action on thromboxane A2 binding to the recep-
tor, rather than via inhibition of protein-tyrosine phos-
phorylation [22]. In order to assess whether inhibition
of 8T638 or genistein is related to inhibition of protein-
tyrosine kinuse, these inhibitors and another isoflavone
compound, daidzein which has no inhibitory activity for
protein-tyrasine kinase {23] but inhibits thromboxane
A2 binding anf thromboxane A2-induced platelet ag-
gregation [22], were examined for aspirin-treated plate-
let responses. As shown in Fig, 4, in the presence of 1
mM aspirin protein-tyrosine phosphorylation induced
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Fig. 4. Effects of daidzeln, genistein, or 5T638 on aspirin-ireated platelet aggregation and protein-tyrosine phosphorylation stimulated by thrombin.
The aspirinized-platelets which were treated with 1 mM aspirin for 30 min were preincubated withoul or with agents for 2 min at 37°C with sticring
and then stimulated by thrombin (0.06 univmi, a-d). Aliquots of samples were subjected to SD5~7.5% polyacrylamide gel electrophoresis as
described previously [16]. (A) Platelet aggregation and (B) protein-tyrosine phosphorylation, a, no agents; b, daidzein (50 ug/ml); ¢, genistein (50
ug/ml); d, ST638 (50 uM); Cont. = no stimulation by thrombin, The arrow indicates the addition of thrombin (A). The lines indicate the positions
of proteins with molecular masses of 135., 124+, und 60-kDa that underwent tyrosine phosphorylation in response to thrombin stimulation (B).
12
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with thrombin at low concentration was abserved in
135-, 124-, 76-, 64-, and 60-kDa proteins, although two
phosphotyrasine protein bands of 76-. and 64-kDa in-
creased slightly. Although 50 4M STG638 and 50 ug/ml
genistein inhibited the platelet aggregation and protein-
tyrosine phosphorylation induced by thrombin in aspi-
rin-treated platelets, daidzein (50 ug/ml) could inhibit
neither the platelet aggregation nor protein-tyrosine
phosphorylation. These results suggested that the inhib-
itory effects of ST638 and genistein on thrombin-in-
duced platelet activation were not simply due to the
prevention of its binding to the thromboxane A2 recep-
tor, but rather due to the inhibition of protein-tyrosine
kinases.

In the last experiment we questioned whether these
inhibitors could inhibit the increase of cellular Ca*~
when the cells were stimulated by thrombin. As shown
in Fig. § intracellular Ca** induced by thrombin was
inhibited by the addition of genistein in a4 dose-depend-
ent manner although a much higher concentration is
necessary for complete inhibition, The result suggests
that protein-tyrosine phosphorylation in platelets by
thrombin may have some relation to the intracellular
Ca*" concentration.

4. DISCUSSION

It has been known that ST638, which is competitive
with substrate protein for the protein-tyrosine kinase
bindingsite, is a potent and specific inhibitor of protein-
tyrosine kinases of oncogene and protooncogene prod-
uets and epidermal growth factor (EGF) receptor ki-
nase in vitro [24] or in intact cells [25). Genistein also
specifically inhibits the activities of oncogene product
kinases and EGF receptor kinase, and its inhibitory
effect is caused by competing with ATP [23]. Both inhib-
itors did not inhibit the enzyme activities of serine/thre-
onine-specific protein kinase such as cAMP-dependent
protein kinuse and protein kinase C [23,24)].

In the present study, we found that ST638 and gen-
istein inhibiled human platelet aggregation, when plate-
lets were induced with thrombin at a concentration of
0.05 unit/ml. In our eaperiments, changes of phosphoty-
rosine protein bands of 135-, 124-, 76-, 64-, and 60-kDa
were also abserved by the stimulation with the same
concentration of thrombin, and tl*~se¢ protein-tyrosine
phosphorylations were reduced to basal level by the
pretreatment of ST638 or genistein, These inhibitory
effects were closely correlated with that of platelet ag-
gregation in a dose-dependent manner. Both inhibitors
also strongly suppressed the protein-tyrosine kinase ac-
tivities from the particulate fraction in human platelets
in vitro. The half-maximal inhibitory concentration of
STE3® toward protein-tyrosine kinase in vitro was
about 15 #M which was almost equivalent to its inhib-
itory concentration on platelet aggregation. On the
other hand genistein inhibited its activity at half-maxi-
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Fig. 5. Effect of genisiein on thrombin-induced Ca®** mobilization,
Fura2-AM loaded platelets were preincubated (1) without or with
genistein (b) 28 up/ml, (2) 50 ug/ml. und (d) 100 ug/ml for 2 min at
37°C with stirring. Intracellular fluorescence wus monitored by flow
eytometry, und after baseline 30 s-period, thrombin (0.05 univml) was
udded (arrow). Detailed conditions are deseribed in section 2.

mal inhibitory concentration of about 45 yg/ml, al-
though it inhibited platelet aggregation at the concen-
tration of 25 ug/m!. These different inhibitory efTects
may be explained by the difference of inhibitory actions
between STG38 and genistein. In aspirin-treated plate-
lets, both ST638 and genistein inhibited the thrombin-
induced platelet aggregation and protein-tyrosine phos-
phorylation, whereas daidzein, which has no inhibitory
activity for protein-tyrosine kinase but inhibits
[‘H)U46619 binding and thromboxane A2-induced
platelet aggregation [22] did not prevent thrombin-in.
duced platelet aggregation and protein-tyrosine phos-
phorylation. These results suggested that the role of
ST638 and genistein in thrombin-induced platelet ag-
gregation was at least in part the inhibition of the activ-
ity of protein-tyrosine kinases. Based on these observa-
tions, it has been shown that the activation of protein-
tyrosine kinase may be necessary for platetet aggrega-
tion stimulated with thrombin in human platelets.
Therefore, it turns out that protein-tyrosine phospho-
rylation plays a certain role in human platelet aggrega-
tion having some relation to the intracellular Ca** con-
centration (Fig. 5).
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It is well known that the thrombin is the most potent
agonist of hurnan platelets. The human platelets start to
aggregute at the concentration of thrombin around 0.03
unityml {22] and maximal aggregation is obtained at
the concentration of 0.5-1.0 unit/ml. The inhibition of
human platelet aggregation and tyrosine phosphorylu-
tion by protein kinase inhibitors can only be seen in the
low concentration of thrombin, and in the presence of
a higher congentration of thrombin (! unit/inl) neither
tyrosine phosphorylation nor platelet aggregation is
inhibited by these inhibitors. The reason why a higher
concentration of thrombin-induced aggregation was
not inhibited by protein-tyrosine kinase inhibitors is
considered to be as follows. First, there are a lot of
protein-tyrosing kinases in human platelets, so if a
higher concentration of thrombin activates many pro-
tein-tyrosine kinases, the inhibitors could not inhibit all
the activity of protein-tyrosine kinases. Second, there
are at least two different mechanisms of activation of
platelets by thrombin: protein-tyrosine Kinuses are ¢s-
sential for the platelet activation in the case of lower
concentration of thrombin but in the case of higher
concentration of thrombin phosphatidylinositol break-
down seems to be directly activated [4]. Further studies
are currently underway to understand the signal
transduction mechanism through protein-tyrosine
phosphorylation in human platelet activation.
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