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Regulatory role of protein tyrosine phosphorylation
in platelet activating factor-induced signal transduction in platelets’
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ABSTRACT

AIM: To study the role of protein tyrosine
phosphorylation { PTP} in platelet activating
factor { PAF)-induced platelet signal transduction
METHODS: Washed rabbit platelets
were used to test the inhibitory effect of genistein

cascade.

(Gen)} on platelet aggregation and serotonin
secretion. Intracellular Ca?* ([ Ca®* ]} and pH
{pH;) were measured by a dual wavelength
fluorophotometer with Fura 2-AM and BCECF-
AM.  PIP was determined with a specific anti-
phosphotyrosine monoclonal antibody by Western
blotting. RESULTS: Pretreatment with Gen
(100 and 200 pmol+ L") inhibited PAF {20
nmol* L™ )-stimulated platelet serotonin release
by 23.7 % £2.0 % and 41 % + 8 % . respec-
tively. Similar inhibitory effects of Gen were
observed on PAF-evoked increase of [Ca* ], and
intracellular alkalization. PAF also elicited a
pronounced increase in PTP of several bands with
M, 70 000, 60 000, 50 000, 42 000/40 000,
and 34 000, which were suppressed markedly by
Gen 200 and 400 pmol-L™"'.  Pretréatment with
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staurosporine {Sta} 20 nmol - L~', BAPTA 200
pmol - L', and egtazic acid 2 mmol - L™ to
inhibit PKC activation, [ Ca®* ], elevation, and
Ca®* influx respectively, also showed an
inhibitory effects on the formation of PTP.
CONCLUSION: PIP is involved in multiple
signal transduction pathways induced by PAF, on
which PKC activation and caleium mobilization
play a regulatory role.

INTRODUCTION

There is an increasing body of evidence for
the ilmportant role of protein tyrosine phos-
phorylation ( PTP} facilitated by tyrosine kinases
in the regulation of cell functions. Platelets
possess a high level of nomreceptor protein-
( PTK ) and  the
activation of platelets are accompanied by rapid

tyrosine  kinases activity,

tyrosine-specific phosphorylation of many platelet

™ The increased tyrosine phosphoryla-

proteins
tion is involved in signal transduction pathways,
such as the elevation of Ca®* . PKC activation,
and regulation of arachidonic acid release-™ I
But the precise role of PTP and the regulatory
mechanism involved have not yet clearly eluci-
dated, especially about protein phosphorylation-
intracellular ~ signaling  processes.
Platelet activating factor (PAF), as a pro-
inflammatory mediator, activates platelets via G-

protein coupled receptors.

assoclated

Recent evidence
suggested that an association existed among the
G-protein coupled receptor with PTK, phosphati-
dylinositol 3-kinase { PI-3 kinase). PTK is also
involved in PAF receptor-coupled phospholipase

C activation*3! |
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The present study aitempted to further
define the platelet evenis thal were regulated by
tyrosine  phosphorylation and to specify the
possible molecular interactions that coupled PTh
with receptor-triggered signaling pathways .

MATERIALS AND METHODS

Materials Genistein { Gen ), platelet
activaling factor { PAF}, indometacin (Ind).
staurosporine (Sta), serotonin {5-HT). BAPTA
[ 5.5'-dimethyl-bis-{ o-aminophenoxy }-ethane-
N.N.N, N -letracetic  acid |, egtazic acid,
Me,S0, phenylmethylsulfonylfluoride ( PMSF ),
o-phthaldialdehyde { OPA), NaiVO,, Trion X-
100, HEPES, and antiphosphotyrosine mono-
clonal aniibody were purchased from Sigma Co.
Rainbow Molecular Weight Markers (43 - 200
kDa ), horseradish peroxidase-conjugaied goat
ant-mouse lgG, ECL deieciion reagenis, and
niirocellulose  membranes were from Huamei
Shanghai. Weslern blot
chemiluminescence reageni was from NEN™ Life
Science. Fura 2-AM and BCECF-AM were from
Molecular Probes Co.

Platelet preparation and activation
Washed rabbit platelets were preparedi'f’J , and
resuspended iv HEPES-buffered solution { HBS)
(NaCl 145, KCl 5, MgCL 1, Natll,PO, 0.5,
glucose 10, HEPES 10 mmol* L™', and BSA
0.1 %, pH 7.4, apyrase 1 mg-1.7", Ind 0.1
Platelets (1 x 10 -1L1) were
activated with PAF 20 nmol-L~" in the presence

Biotechnology Inc,

pmol - L-1).

of Ca®* 1 mmol* L™! under stirring condition.
Platelets were incubated with Gen or Gen vehicle
{ <1 % Mey30), BAPTA 200 pmol-L~'. Sta
20 omol- L', and egtazic acid 2 mmol- L-! for
30 min before PAF stimulation .
terminated by the addition of an equal volume of
ice-cold lysiz buffer { Tris - CI 10, NaCl 150,
egtazic acid 1, Na;¥O, 1, PMSF 1 mmol-L~',
1 % Triton X-100, pH 7.2). The Iysates were

Activation was

centrifuged at 12000 x g at 4 °C for 10 min.
Proiein conceniration was estimated'’’. In other
experimenis, platelets (4 x 10" +L=1) were used
io lest the effects of Gen on platelet aclivaiion.
Platelet aggregation and 5-HT release
Platelel aggregation was monitored photonelri-
cally using a dual channel aggregonieter ( Type
DAM-1) at 37 *C.  Platelet 5-HT secretion was
quantitaied by a fluorimetric method according to
the principle that 5-HT forms a fluorephore with
OPA, which was delermined with a spectrofluori-
nieter { RF-5000, Shimadzu, Japan)LS‘.
Measurement of [ Ca®* ]; and pH,
Platelets were preincubated at 37 “C with either
Gen or MexSO control for 30 min and washed
once to remove Gen or Me;SO for avoiding the
nterruption of Gen on fluorescence signals, then
loaded with Fura 2-AM I pmol* L~ and BCECF-
AM 2 pmol - L™! for 30 min.  Fluorescence was
monitored with a spectrofluorimeter.  The
[Ca’* ], and pH, were assa},‘ecl[("':JJ .
Determination of tyrosine phosphory-
lIation by Western blotting  Plaielet lysates
(40 pg/track) were boiled at 95 C for 5 min in
4 times Lammli’s sample buffer, and submitied to
SDSPAGE i 7.5 % SDS gel. Proteins were
transferred io nitrocellulose membrane, which
was blocked for 1 h with 5 % BSA in PBST
(Na,HPO, 80. Nal,PO, 20, NaCl 100 mmel -
7! containing 0.05 % Tween-20). The blots
were incubated with the primary anti-phos-
photyrosine monoclonal antibody at a 1 : 2000
dilution for 1 h and washed four times in PBST.
Antibody binding was detected using 1:500
horseradish  peroxidase-conjugated  goat  anti-
mouse gl and visualized with enhanced
chemiluminescence reaction reagents on Konica
X-ray film and quaniitated by densitometry (CS-
930, Japan)!'"?).
Statistical analysis Data were expressed
as ¥ + 5 and assessed by ANOVA and r-test.
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RESULTS A (3d0/380 nm) B {S05/440 nm
Effects of Gen on 5-HT release and bl I N ‘ i
platelet aggregation Gen 100 and 200 jmol - 25 | e “T“F"M
L™ suppressed PAF-stimulated 5-HT release by _'__J\/nlL PAF |
23.7 % +2.0 % and 41 % + 8 %, respectively 1.0 ' 1o ‘

(Tab 1).

Tab 1. Effect of Gen on PAF-stimulated platelet 5-
HT release. # = 4 independent experiments, the
average of triplicate constitutes one determination.
f+s5. °P<0.01 vs control ([ Ca’* ], 1 mmol -
L-1).

PAF-wtimulated platela

3-HT release. Inhibitions &
nmol L™ '/10% platelet
Curinil e l4
Gen 100 pmol 1! 36 23,7120
Gen 200 pmal - 1.7 178 £ 28" 41.2+ 8.1

Eftects of Gen on PAF-evoked shifts in
[Ca’* ], and pH; In the presence of Ca>* |
mmol* L™, PAF increased [Ca®* ],[A[Ca* ],
={548 + 81) mmol * L™ | and intracellular
alkalization (ApH, = 0.13 £ 0.01). Pretreat-
ment with Gen 100 and 200 pmolL~! inhibited
the increase in [ Ca®* ]; and pH; significantly
(Tab 2, Fig 1).

Tab 2. Effect of Gen on PAF-evoked shifis in
[Ca** ]yand pH;. & =5 independent experiments,
the average of friplicate constitutes one
determination. ¥ £ 5. “P>0.05, ‘P<0.01 s
control ([Ca?*],1 mmol-L-').

ACE* | /nmole 17! ApH,
Control 548 + 81 0,130 0.014
Gen vehicle ( <1 % MeyS00 521 + 38 0.12920.012°
Gen 100 grol*L~" 374 £ 34 0.070 + 0.020¢
Gen 200 pmnl < L7" 213 £ 4% 0.020 + 0.010¢

Western blotting for PTP Up stimulation
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Fig 1. Fura (A) and BCECF (B) fluorescence
tracings in response to PAF (20 nmol - L7,
arrow) in the presence of Gen 100 and 200 pmol -
L.

by PAF 20 nmol-L~", there was a pronounced
increase Im PTP of several bands with M,
70 000, 60 000, 50 000, 42 000740 000, and
34 000. Pretreatment with Gen 200 and 400
pmol* L™! markedly decreased the levels of PTP
relative to its control. The most nohiceable
inhibition by Gen was for 50, 60, 70 kDa
prolein.  Sta 20 nmol * L™ ! showed a similar
inhibition on PTP. Pretreatment with BAPTA
200 pmol - 7! and egtazic acid 2 mmol+ L™,
which blocked [ Ca?* ]; elevation and Ca®* influx
respectively, also reduced the formation of PTP
{Fig 2).

DISCUSSION

In the present study, we demonstrated that
genistein,, a PTK inhibitor. produced significant
inhibition of platelet aggregation, serolonin secre-
tion, intracellular Ca®* mobilization and Na*/
H* exchange aclivation-induced by PAF. sug-
gesting that PTP plaved an important role in all of
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Fig 2. Effects of different treatments on PAF-
induced tyrosine phosphorylation by Western
blotting. Lane 1, unstimulated platelets; lane 2,
PAF; lane 3 -4, Gen {200 or 400 pmol*L~') +
PAF; lane 5 - 7, Sta, BAPTA, egtazic acid +
PAF,

Platelets contain high level of
PTK, mainly due to ppb0~™, pp722%,
ppl25"Ak 2100 1n this study, an increase in
PTP produced by PAF focused on several bands
with M, 70 000, 60 000, 50 000, 42 000/
40 000, 34 000, which are mainly substrates of
ppo0c=e | pp72* (5.1 Some high-molecular
mass PTP could not be detected. The discre-
pancies compared with other reports may be due

these events.

to different isolation procedures or antibodies
used and SDS gel anal}'sis[m. Previous studies
suggested that aggregation-dependent phosphory-
lation might be required for evenls associated
directly with aggregation or downstream of
aggregation, ppl25™** may be a candidate'?)
In our study, the substrates of ppl25¥**, 95/97
kDa PTP was not detected, so it remained
unclear whether lower dose of Gen had the same
inhibitory effect on specific protein phosphoryla-
tion in an aggregation-dependent fashion. In
addition, our results also indicated that PTP
could be blocked by Sta, suggesting that PTP is
consecutive to PKC activation and dependent on
it.  Treatment with the intracellular Ca**
chelator BABTA and egtazic acid also sustains
the PTP. indicating that Ca®* is necessary for the

negative regulatory signals. The inhibitory effect

of Gen on PAF-evoked Ca®* increase suggested
that PTK participated in the mechanisms of
intracellular Ca®* accumulation. Finally, our
results first indicated that PTP had a role on the
activation of Na®/H"' exchange, which was
controlled by phosphorylation of the exchanger
protein and regulated by some enzymes-associated
with PTK!)

In summary, this study demonstrated that
PTP was involved in multiple signal transduction
pathways induced by PAF. PKC activation and
Ca’* signals play a role in PTP regulation.
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