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ABSTRACT. Exogenous phosphatidylinositol 3,4,5-trisphosphate [PtdIns(34 &)fulates the aggregation

of washed rabbit platelets in a €a and dose-dependent manner. This aggregation is reversible at low
Ptdins(3,4,5)Plevels, but becomes irreversible when the concentration exceeds a threshold of about 20
uM. Other D-3 and D-4 phosphoinositides examined, including phosphatidylinositol 3,4-bisphosphate
[PtdIns(3,4)B], phosphatidylinositol 4,5-bisphosphate [Ptdins(47h)&nd phosphatidylinositol 3-mono-
phosphate [Ptdins(3)P], fail to exert appreciable platelet activation at comparable concentrations. In

addition, PtdIns(3,4,5}can reverse the inhibitory

effect of wortmannin on thrombin-induced platelet

aggregation. Taken together with the observation that Ptdins(3z;4$5)Badily incorporated into cell
membranes, these findings reaffirm the second messenger role of Ptdins@3id,B)fd@mbin receptor
activation. The existence of a PtdIns(3,45&ependent Ca entry system on platelet membranes is
supported by the partial inhibition of thrombin-induced?Canflux by wortmannin. Evidence suggests
that this system differs from receptor-operated nonselecti¢e €wmnnels. However, the mechanism by
which PtdIns(3,4,5)Pfacilitates C&" entry remains unclear. Although PtdIns(3,45)Rs been known

to stimulate phospholipase £¢PLC-y), internal C&"

mobilization does not play a significant role in the

cytosolic C&" increase in response to Ptdins(3,4H%8mulation. Collectively, these data provide a
putative link between Ptdins(3,4,%)Bnd C&" signaling, which may, in part, account for the regulatory
function of PtdIns(3,4,5)Pduring platelet aggregation. Moreover, this study bears out the notion that
individual PI 3-kinase lipid products play distinct roles in the regulation of cellular functions.

The crucial involvement of phosphoinaositide 3-kinase (PI
3-kinase) in platelet activation was first implicated by the
accumulation of PtdIns(3,4,5Bnd PtdIns(3,4)Hn response
to diverse agonist stimulationg)( These external stimuli
include thrombin 2—5), thrombin receptor-directed ligands
(6, 7), thromboxane Aanalogue ), GTPyS (3), ADP (8),
lysophosphatidic acidj, and von Willebrand factor (vWF)
(10). This relationship is further supported by the finding

these isozymes become more localized to the cytoskeleton
after platelet activation, implying that their lipid products
may act in part by affecting cytoskeletal reorganization at
the membrane linkagel®, 13). To date, a number of
signaling molecules have been identified as putative targets
for Pl 3-kinase lipid productsl@). These include Ca-
independent PKC isozymes, (e, 1, and§) (15—17), the
integrin glycoprotein (GP) lIb-1llai1), PLC- (18), protein

that platelet aggregation was inhibited by a potent Pl 3-kinase kinase PKB/Akt (9—21), and actin-regulating proteins such

inhibitor, wortmannin, in a dose-dependent maner().
Multiple isoforms of Pl 3-kinase have been identified in
platelets, including p85/p11@ andf and p110y (8). All
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as profilin 22) and gelsolin 23). Among these, GPlIb-llla

is especially noteworthy. GPllb-llla is the receptor for
fibrinogen and also a critical signal transducer both inside-
out and outside-in to modulate primary signals. In essence,
P1 3-kinase lipid products stimulate GPllb-Illa through PKC
activation @3). The activated integrin in turn signals an
increase in PtdIns(3,4)Pwithout a rise in Ptdins(3,4,5)P

Medicinal Chemistry and Pharmaceutics, ASTeCC Facility, Room (23, 24). This integrin-activated generation of Ptdins(3,4)-
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P, depends on a PtdIns(3)P 4-kinase via PtdIns(3)P, a route
distinct from that mediated by Pl 3-kinas24]. The late
accumulation of PtdIns(3,4)s thought to be crucial to the
maintenance of the GPlIb-llla receptor in its active state as
well as the stimulation of filopodial actin assembly by
inhibiting gelsolin function 23).

Substantial evidence indicates that the syntheses of PtdIns-
(3,4,5)R and PtdIns(3,4)Pare regulated via distinct mech-
anisms 24—28), and that these two D-3 phosphoinositides
play different functional roles. For example, PtdIins(34)P
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is more potent in activating C&independent PKCI) as ing of 20 mM Tris/HCI, pH 7.0, containing 150 mM NacCl,
well as in inhibiting gelsolin function23). While PKB/ and 5 mM glucose. Platelet concentrations were determined
Akt activation is PtdIns(3,4)Pspecific 19—21), PLC+y is by using a Coulter cell counter (Coulter Electronics, Inc.,
specifically activated by PtdIns(3,4,5)@8). Thus, to gain FL), and were adjusted to {13) x 10° cells/mL for all
insight into the role of PI 3-kinase in the regulation of platelet experiments. These washed platelets stood at room tem-
function, it is imperative to refine the specific functions of perature for +2 h before use.

individual D-3 phosphoinositides. To address this issue, we  p|atelet Aggregation StudiesWashed platelets were
have examined the regulatory effect of exogenous D-3 jq4eq o an aggregation cuvette, and the reaction was
phosphoinositides on washed rabbit platelets. We find that initiated by adding the indicated amounts of Ptdins(3,4,5)P
PtdIns(3,4,5)Pat micromolar concentrations triggers platelet or 1 unit/mL thrombin in the presence of 1 mM Cawith
aggregation in a dose-_dependent manner, and can reversgﬂmng at 1000 rpm. Platelet aggregation was monitored
the inhibition of thrombin-induced platelet aggregation by on a two-channel Chrono-Log aggregometer (Chrono-Log
wortmannin. This activation is, in part, mediated through Corp., Havertown, PA) at 37C. For the inhibition study

trarE)sTewbraEe.Gm_r;f(ljux, and IS noctj n?;ﬁq vgiglothgr D;’P the washed platelets were preincubated with wortmannin or
or L-4 Phosphoinosiices examined. 'S ns(3,4:5) various chemicals for 5 min prior to the thrombin or PtdIns-

; o : .
induced C&' influx is thus of potential relevance to the (3.4,5)R stimulation.

functional role of Pl 3-kinase during platelet activation. }
Incorporation of PH]PtdIns(3,4,5)RB and [*H]PtdIns(3,4)-
MATERIALS AND METHODS P, into Platelets. To the washed platelets in 0.7 mL of buffer
A was added 4«M PtdIns(3,4,5)R containing 0.24Ci of
Materials. 1-O-(1,2-Di-O-palmitoyl-sn-glycero-3-phos-  [3H]PtdIns(3,4,5)R (specific activity, 35 mCi/mmol), dis-
phoryl)-0-myoinositol 3,4,5-trisphosphate [Ptdins(3,4,8)P  solved in 2uL of dimethyl sulfoxide (DMSO). One hundred

1-O-(1,2-di-O-octanoylsn-glycero-3-phosphorylp-myo microliter aliquots of the mixture were taken at the indicated
inositol 3,4,5-trisphosphate [dis@tdIns(3,4,5)H, 1-O-(1,2- times, and passed through 0.48n nitrocellulose filters

di-O-palmitoyl-sn-glycero-3-phosphorylp-myoinositol 3,4-  (Millipore) presoaked with the resuspension buffer on a
bisphosphate [Ptdins(3,4}Pand 10-(1,2-di-O-palmitoyl- Millipore Model 1225 sampling manifold assembly. The

srrglycero-3-phosphorylp-myecinositol 3-monophosphate  membranes were washed 3 times with 3 mL of the resus-
[PtdIns(3)P] were prepared as previously report@d).(  pension buffer, and the retained radioactivity was quantitated
[1-*H]PtdIns(3,4,5)Rand [1°H]PtdIns(3,4)R were synthe-  py |iquid scintillation spectrometry. It is worth mentioning

sized according to modified procedures for the respective that when the incubation mixture excluded platelets, no

D-3 phosphoinositides, which will be published elsewhere. appreciable amounts of the radioactive phospholipid were
All synthetic phosphoinositides were characterizedHbyand retained by the membrane filter after washing.

3P NMR and FAB mass spectrometry, in which no ap-
preciable impurity was detected. Ptdins(45dIns(4)P,
|I:1t§r|1r|11?n Fyvr;: %?gg%xggitrgﬁeiglrb(il;g[]zzrzn.Al\/llt) ' iasnc\levc\)ﬁE conditions. The sp_ecific activity of the synthetfél]Ptdins-
mentioning that PtdIins(4,5)From other sources often gave (3.4)F: was 38 mCi/mmol.

inconsistent results with different batches, presumably due Characterization of the Membrane-IncorporateéH]-

to the presence of impurities. Ins(1,3,4,6)®s synthesized ~ PtdIns(3,4,5)B. In the above H]PtdIns(3,4,5)Rincorpora-
according to a previously reported proced88)( [*H]Ins- tion study, the composition 8H-labeled material associated
(1,3,4,5)R and“°CaC}h were purchased from DuPont NEN. with platelets was analyzed with the 20 s exposure sample.
Thrombin, 4-(2-aminoethyl)benzenesulfonyl fluoride (AEB- To 100uL of the mixture were added 5L of 1 M EDTA
SF), RGDS peptide, luciferin, luciferase, and acetylsalicylic and 25«L of 5 M HCI followed by 160uL of chloroform—

acid were purchased from Sigma. methanol (1:1; v/v). After vigorous mixing, the phases were

For all studies, PtdIns(3,4,5Rnd other phospholipids ~ Separated by centrifugation at 6@Xar 5 min. The organic
were added to platelets from stocks in DMSO with stirring. 1ayer was dried by a stream of,N Lipid deacylation was
The added phospholipid formed a homogeneous suspension¢arried out by using the methylamine/methanol method as

and the added DMSO did not cause cell lysis or appreciabledescribed 2). The deacylated product was analyzed by
interference to platelet function. HPLC on a 4.6x 200 mm Adsorbosphere Sax column (5

um), equilibrated with HO (solvent A) at a flow rate of 1

obtained from adult New Zealand White rabbits and washed mL/min. A grgdient with solvent B (0.5 M NH—IZ.PO“' pH
3.9) was applied as follows: -010% solvent B in 5 min,

using a modified method of Baenziger and Majer8®) (In i . i
brief, whole blood was anticoagulated by treating 9 volumes 19_70% solvent B in 70 min, 79100_% solvent B in 10
of blood with 1 volume of anticoagulant that consisted of MiN, and 108-0% for 10 min. Fractions were collected
3.8% (W/V) trisodium citrate and 140 mM dextrose. Platelet- €€y 1 min, and their radioactivity was measured by liquid
rich plasma was obtained by centrifugation of whole blood Scintillation.

at 20@ for 15 min. The platelets were pelleted by  “Ca** Uptake. Washed platelets (0.5 mL) were incubated
centrifugation at 1509for 10 min. The platelet pellets were  with 1 mM CaC} containing 5uCi of 4Ca" with stirring
resuspended in a platelet washing buffer, consisting of 4.3 at 1000 rpm at 37C for 5 min, and C& uptake was started
mM NaHPO,, 24.3 mM NaHPO,, 4.3 mM K;HPO,, pH by adding 4uM PtdIns(3,4,5)F. Aliquots (100uL) were
6.5, 113 mM NaCl, 5.5 mM glucose, and 0.5% bovine serum taken at the indicated times, and passed through M5
albumin, washed twice, and resuspended in buffer A consist-nitrocellulose filters (Millipore) presoaked with the resus-

In a parallel experiment, incorporation H]PtdIns(3,4)-
P, into washed platelets was assessed under the same

Preparation of Washed Rabbit Platelet®latelets were
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pension buffer on a Millipore Model 1225 sampling manifold 00, A
assembly. The membranes were washed 3 times with 3 mL
of the resuspension buffer, and the retained radioactivity was
quantitated by liquid scintillation spectrometry. BasafCa
uptake was measured at the indicated times in the absence
of PtdIns(3,4,5)R Also subtracted from each data point was
the chelation of*Ca" by the polyphosphoinositide, in which
45Ca* was incubated with PtdIns(3,4,5)id the absence of
platelets. PtdIns(3,4,5)Pshowed weak association with
C&", which attributed to less than 2% of the tofaCa"
uptake at each time point. Other phosphoinositides examined
included PtdIns(3,4)R2PtdIns(4,5)R, Ptdins(3)P, and PtdIns.
However, none of these showed appreciable activity in
stimulating**C&" uptake.

Ins(1,3,4,5)R Receptor-Binding AssayPlatelet membrane 1007 B
preparations and radioligand competitive binding were car-
ried out according to a modification of the methods described
by Cullen et al. 83). Washed rabbit platelets were suspended
in the aforementioned platelet washing buffer containing 1
mM DTT, 1 mM AEBSF, and 1Qug/mL leupeptin, and
sonicated at 4C. The suspension was centrifuged at 100
and the supernatant was centrifuged at 4900 45 min

% platelet aggregation

% platelet aggregation

to collect the platelet membrane. The pellet was suspended 201 —

in 25 mM Tris/HCI, pH 7.2, containing 1 mM EDTA, 1 mM 1 1min

DTT, 5 mM leupeptin, and 2 mM AEBSF at a protein 0- 1 "
concentration of 4 mg/mL. The membrane preparation was PIP, Thrombin

immediately used for the following binding assay. The assay . ..4. Ptdins(3,4,5)Ri :

. . : ,4,5)Rinduced platelet aggregation. (A) Dose-
mixture consisted of 10 mM MES, pH 6.7, 100 mM KCI,  gependency on exogenous Ptdins(3,45)Pashed rabbit platelets
20 mM NaCl, 1 mM EDTA, 2 nM }H]Ins(1,3,4,5)R (30 were treated with 8@M (trace a), 4QuM (trace b), 2QuM (trace
Ci/mmol), 200 ug of membrane proteins, and various ¢), 10uM (trace d), or 5uM (trace e) Ptdins(3,4,5)PThe arrow

concentrations of competing Ins(1,3,4,53® di-Cs-PtdIns- indicates the point of phospholipid introduction to the platelet
. . ; suspension. (B) Phosphoinositide specificity. A number of other

(3,4,5)R, in a final volume of 0.3 mL. The mixture was 354 p.g phosphoinositides were also examined (denoted by

incubated at 4C for 15 min, and the reaction was terminated PIP,), which included Ptdins(3,4)P Ptdins(4,5)p, PtdIns(3)P,

by filtration through GF/C filters (Whatman) presoaked with  Ptdins(4)P, and Ptdins. However, none of these showed appreciable
the incubation buffer, followed by a wash with the same Pplatelet aggregation up to and at 1@04. The tracings are
buffer (3 mL). The receptor-bound radioactivity was ana- representative of three experiments at 100. All phosphoinosi-

L L ... tides were added to platelets from stocks in DMSO with stirring.
lyzed by liquid scintillation spectrometry. Nonspecific the amount of DMSO added was the same for all experiments,

binding was measured in the presence of:B0Ins(1,3,4,5)- i.e., 2uL added to a platelet suspension of 700 DMSO alone

P,. The modified procedure differed from the original has no appreciable effect on platelets.

method 83) in the composition of the assay buffer. In the

present study, 0.1% (w/v) BSA was omitted in view of the aggregated upon the subsequent supplement &f @ata
nonspecific binding of phospholipids [Ptdins(3,4.8)k not shown). Other phosphoinositides examined failed to

BSA. induce appreciable aggregation even at concentrations greater
than 10QuM (Figure 1B). The platelets resumed aggregation
RESULTS upon subsequent thrombin or Ptdins(3,4,58tivation,

Ptdins(3,4,5)B Induces Platelet Actation. Washed  indicating the competency of the platelets after phospho-
rabbit platelets were exposed to various phosphoinositidesinositide treatment. It is worth mentioning that although
in the presence of 1 mM @4 which included Ptdins(3,4,5)- DMSO (final concentration, 0.3%) was used to form a fine
Ps, PtdIns(3,4)R, PtdIns(4,5)R, PtdIns(3)P, Ptdins(4)P, and  suspension of the phospholipid, the solvent alone did not

Ptdins. Among these, PtdIns(3,4,5)Bave rise to cell cause appreciable interference to platelet function or cell
aggregation in a dose-dependent manner (Figure 1A). Atlysis.

low concentrations of exogenous PtdIns(3,4;50#s platelet Moreover, exogenous PtdIns(3,4,55@uld overcome the
aggregation appeared to be reversible 4M; trace d) or inhibitory effect of wortmannin on thrombin-induced platelet

nearly unnoticeable (M, trace e). The threshold for aggregation, suggesting a plausible involvement of PtdIns-
irreversible aggregation was around&d (trace c). At 40 (3,4,5)R in the regulation of platelet function (Figure 2). In
and 80uM, the aggregation was virtually instantaneous Figure 2A, trace a depicts a typical profile of thrombin-
without an appreciable lag phase (traces b and a, respecinduced platelet activation without the inhibitor. In contrast,
tively). This platelet aggregation required constant stirring, wortmannin (400 nM) pretreatment of the platelets caused a
indicating the importance of ceflcell contacts during  significant decrease in the amplitude of the initial aggregation
activation @4). In addition, this PtdIns(3,4,5)fnduced phase followed by a progressive disaggregation of the cells
aggregation was Cadependent. The platelets did not (trace b). This finding conforms with the report on the effect
respond to PtdIns(3,4,5M the absence of G4, but readily of wortmannin on TRAP-induced aggregatichl). Sub-
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Ficure 2: PtdIns(3,4,5) reverses the inhibition of thrombin-
induced platelet aggregation by wortmannin in a dose-dependentFIGURE 3: (A) Time course of PtdIns(3,4,5Rr Ptdins(3,4)R

and additive manner. (A) Washed rabbit platelets were preincubatedincorporation into washed rabbit platelets. Washed rabbit platelets
without (trace a) or with (trace b) wortmannin (400 nM) at the Wwere exposed to 40M PtdIns(3,4,5)Ror PtdIns(3,4)Pcontaining
point indicated by an arrow, and thrombin (1 unit/mL) was then 0.2uCi of the corresponding tritium-labeled analogue (sp acts; 35
added. Trace a showed a typical profile of thrombin-induced platelet 38 mCi/mmol). The radioligand incorporation was analyzed by a
activation without wortmannin pretreatment. In contrast, in wort- membrane filtration method described under Materials and Methods.
mannin-pretreated cells (trace b), a significant decrease in theWhen platelets were omitted from the incubation, the retained
amplitude of the initial aggregation phase followed by a progressive radioactivity on the membrane filter was negligible. Each data point
disaggregation of the cells was observed. Subsequent addition ofrepresents the mean of three determinations. (B) HPLC profile of
exogenous PtdIns(3,4,%R40 uM) reversed the wortmannin  the deacylated product éf-labeled phospholipids associated with
inhibition. (B) Effect of PtdIns(3,4,5Pon wortmannin-treated platelets after exposure t¢H]Ptdins(3,4,5)p for 20 s. Lipid
platelets. Washed rabbit platelets were treated with wortmannin (400extraction and HPLC analysis are described under Materials and
nM) followed by different doses of Ptdins(3,4,3)PTrace a Methods2H-Labeled standards of glycerophosphorylinositol 3-phos-
represents the stepwise addition of two equal aliquots qiM0 phate [GroPIns(3)P], GroPIns(3,4)BroPIns(4,5)R and GroPIns-
trace b indicates the addition of @M PtdIns(3,4,5)R The tracings (3,4,5)R were prepared from the respectitié-labeled phospho-
are representative of three experiments. inositides by the same procedure.

sequent addition of exogenous PtdIns(3,4350 uM) lipids were incorporated into the platelets. According to the
reversed the wortmannin inhibition (Figure 2A, trace b). By cell-associated radioactivity at saturation, there were ap-
the same token, in wortmannin-pretreated cells, Ptdins(3,4,5)-proximately 2.5 pmol of PtdIns(3,4,5Mcorporated per 0
P; triggered platelet activation in a dose-dependent and platelets.
additive manner (Figure 2B). Traces a and b represent the To examine whether Ptdins(3,4,3)nderwent metabo-
responses from the stepwise addition of two equal aliquots lism immediately after being incorporated, the platelets that
of 40 uM PtdIns(3,4,5)Rand from a single addition of 80  had been exposed teéH]PtdIns(3,4,5)Pfor 20 s were treated
uM PtdIns(3,4,5)B, respectively, to wortmannin-pretreated with HCI and EDTA followed by solvent extraction. The
platelets. recovered phospholipids were subjected to deacylation, and
Phosphoinositide Uptake by Plateletd.crucial issue that  the identity of the tritium-labeled deacylated product was
warranted clarification was whether exogenous PtdIns(3,4,5)-verified by HPLC in reference to glycerolphosphorylinositol
P; or related phosphoinositides could be efficiently incor- phosphate standards. As shown in Figure 3B, the incorpo-
porated into platelets. This question was of relevance to therated PH]PtdIns(3,4,5)R remained largely intact with neg-
underlying mechanism(s) for PtdIns(3,4,5)Rggered plate- ligible formation of PH]PtdIns(3,4)R and PH]PtdIns(3)P,
let aggregation. Thus, we examined the uptake B[ supporting the specificity of PtdIns(3,4,3)ih inducing
Ptdins(3,4,5)R and PH]PtdIns(3,4)R into washed rabbit  platelet activation.
platelets by using a membrane filtration method. Figure 3A  Although this study could not distinguish between specific
indicates that the D-3 phosphatidylinositol polyphosphates uptake versus nonspecific adsorption of the phosphoinositide
readily permeated the plasma membrane in a time-dependento the platelet surface, the aggregation data suggest that at
fashion. Within 10 s, substantial quantities of the phospho- least a fraction of the incorporated Ptdins(3,4:5¢Buld
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rapidly reach the cytosolic leaflet of plasma membranes to
act on its target. The exact mechanism of phosphoinositide 80000+ A
transport across membranes, however, remains unclear.

Effect of PtdIns(3,4,5)P on Cytosolic C&" Levels.
Several lines of evidence indicate that PtdIns(3,45)P
induced platelet aggregation was *Galependent. First,
platelets did not respond to PtdIins(3,4,5¥mulation in
the absence of Ca, but readily aggregated upon the
subsequent supplement of<a Second, the PtdIns(3,4,5)-
Ps-induced aggregation could be abolished by EDTA or
EGTA to remove C& from the melieu (data not shown).
These data prompted us to examine the effect of Ptdins- 0 40 0 80 100 120
(3,4,5)R on the uptake of external €a The D-3 phos- Time (sec)
phoinositide was added to a platelet suspension containing 10 B
45Ca". As shown in Figure 4A, Ptdins(3,4,%)Btimulated .

8_.
6 ! fJﬁ‘

60000

40000

45Ca%* Uptake (CPM)

20000

a sharp increase in intracellufa€&", followed by a gradual
decline. The decrease might arise from the action éfCa
ATPase in an effort to regulate €ahomeostasis3p).

It is worth mentioning that the rate of spontaneous$Ca
uptake (without agonist) accounted for less than 2% of the
PtdIns(3,4,5)Rinduced influx. Again, the stimulation of
C&" inflow was not observed with any other phospho-
inositide examined, including PtdIns(3,4)fPtdIns(4,5)R, 0 A e
and PtdIns(3)P (data not shown). PIP, PIP,

These data suggest a plausible involvement of PtdIns- Figure 4: Ptdins(3,4,5)Rinduced C&" influx. (A) Time course
(3,4,5)R in platelet signaling by effecting €& influx. of 45Ca* uptake by washed rabbit platelets. Washed platelets were
However, one might raise a question concerning the impactincubated with 1 mM CaGlcontaining SuCi of “Ca* with stirring

; T oot : at 1000 rpm at 37C for 5 min, and C&" uptake was initiated by
of PtdIns(3,4,5)Pon internal C&" mobilization since the adding 40uM PtdIns(3,4,5)R. %5Ca* uptake was measured by a

inositol lipid has been. reporte_d to activate Pl@sozymes membrane filtration method described under Materials and Methods.
(18,22). To answer this question, the effect of PtdIns(3,4,5)- Spontaneous Ga influx (open triangles) accounted for less than
P; on cytosolic [C&"] was examined in Fura 2-preloaded 2% of the Ptdins(3,4,5)"nduced uptake. Each data point repre-
platelets in the presence of 1 mM free?Caersus EGTA sents the mean of data from three independent experiments. (B)

; . ; Fluorescence traces of Fura 2-loaded platelets in response to PtdIns-
(Figure 4B; traces a and b, respectively). In the presence of(3,4’5)|% stimulation in a buffer containing 1 mM @a (trace a)

_(:az+' the addition of PtdIns(3,4,5)Pesulted in a sharp rise  o'in an EGTA-treated buffer (trace b). Washed platelets were
in cytosolic [C&"], which reached a plateau 16 s after the suspended in a buffer consisting of 4.3 mM,N&Q,, 24.3 mM
lipid addition and was maintained at the same level for up NaH,POQ,, 4.3 mM KHPO, pH 6.8, 113 mM NaCl, 5 mM

to 2 min (trace a). This result was consistent with that from 'iéglé’glf’:/;ll _rr?]'\é' S(fggle ggigr?ﬁg E]gﬁbg:e?j (ﬁ?ﬁ%gﬁﬁg Xﬁl\?

4 + : -

the above S?az uptake. On the other hand, when the at 37°C for 1 h, pelleted by centrifugation at 109€r 10 min,
external Céa" was depleted by EGTA, Ptdins(3,4,3)P  washed with the same buffer but without atwice, and
stimulation only caused a small increase in cytosoli[Ta  resuspended at approximately,5L07 cells/mL in the same buffer.

with a lag phase of approximately 20 s, followed by a slow The effect of PtdIns(3,4,5)Rn the cytosolic [C&#] was examined

decline to the basal level (trace b). The maximum could by Fura 2 fluorescence in a Hitachi F-2000 spectrofluorometer at
| t for | than 5% of t.h tin th f 37 °C with excitation and emission wavelengths at 340 and 510
only account for less than 5% of that In the presence ol hn, respectively. To the mixture was supplemented 1 m¥IrCa

external C&". This small increase was likely attributable and the reaction was initiated by adding 481 PtdIns(3,4,5)B

to internal C&" release by Ins(1,4,5)Ryenerated by the  To avoid platelet aggregation, stirring of the solution was stopped
PtdIns(3,4,5)Ractivated PLCy. 2 s after PtdIns(3,4,5)Raddition. In the C&'-free experiment, 1
: " mM EGTA was added to deplete residualCin the suspension,
Mechanism of Ptdins(3,4,53duced C&" Entry. Taken followed by 40uM PtdIns(3,4,5)B

together, these findings provided evidence that PtdIns(3,4,5)-

P; triggered platelet activation in part by activating trans- pressin, ADP, and thromboxane, Aanalogues. These
membrane CH influx. The existence of a PtdIns(3,4,3)P  nonselective Ca channels are permeable to various mono-
dependent G4 entry mechanism on platelet membranes was valent and divalent cations, and have been reported to be
supported by the inhibitory effect of wortmannin on thrombin- inhibited by Cd™ and NF* at submillimolar concentrations
induced C&" influx (Figure 5A). As shown, 100 nM  (37—41). Second, the GPllb-llla complex has been sug-
wortmannin lowered the rate of thrombin-stimulatec®Ca  gested to function as a €achannel, which could be
uptake by 50%, implicating the involvement of Pl 3-kinase inhibited by RGDS peptided@—44). Third, an Ins(1,3,4,5)-

in the C&" influx. To further delineate the mechanism(s) P, receptor-mediated Ga transport system on platelet
by which thrombin induced Ca entry, three plausible Ca plasma membranes has been propo88d4G—47). In view
transport systems were assessed. First, in the literaturepf the largely shared structural motifs between PtdIns(3,4,5)-
agonist-stimulated Ca entry into platelets has been associ- P; and Ins(1,3,4,5)F it is plausible that PtdIns(3,4,5P
ated with receptor-operated €achannels 34, 36). These activates the Ins(1,3,4,5Preceptor by mimicking the
agonists include platelet-activating factor, thrombin, vaso- essential structural feature33j.

Fluoresence (arbitary units)
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FIGURE 5. (A) Effect of wortmannin, Ni*, Cc?**, and RGDS
peptide on thrombin-induced &ainflux. (B) Effect of Niz*, Cc?,
and RGDS peptide on PtdIns(3,4,5)Rduced C&" influx. Ca&+
uptake was examined using ®l@latelets as described under
Materials and Methods with thrombin (100 milliunits) or Ptdins-
(3,4,5)R (40 uM) in the absence and presence of individual
inhibitors. Inhibitor concentrations were 1 mM for3Nj C#*, and
RGDS peptide, and 100 nM for wortmannin.

Figure 5A shows that RGDS, Ni, or Cd* at 1 mM could
also partially inhibit thrombin-induced €aentry, however,
with a potency lower than that of wortmannin. The fact that
none of these inhibitors exerted a complete inhibition
suggests the involvement of multiple €dransport mech-
anisms in thrombin-stimulated €ainflux.

To further discern these €aentry pathways, we examined
the inhibitory activity of N+, Cc?*, and RGDS peptide on
Ptdins(3,4,5)Rinduced C&" influx. However, none of these
compounds significantly blocked tHeC&* inflow at mil-
limolar concentrations (Figure 5B). This finding suggests
that the PtdIns(3,4,5)Rnduced Ca'" entry was independent
of the nonselective receptor-operated?>Cahannel and
GPlIb-llla.

We thus turned our attention to the Ins(1,3,4,582eptor
by examining the displacement 6H]Ins(1,3,4,5)R binding
to platelet membranes by dig®1tdIns(3,4,5)Pvis-avis Ins-
(1,3,4,5)R (Figure 6). The @analogue of the phospholipid,
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Ficure 6: Inhibition of specific fH]Ins(1,3,4,5)R binding to
platelet membranes by increasing concentrations of Ins(1,3,4,5)P
(closed circles) or PtdIns(3,4,%)Bpen circles). The displacement
assay was carried out as described under Materials and Methods.
Nonspecific binding was measured in the presence QiNddns-
(1,3,4,5)R. Each data point represents the mean of three determina-
tions.

(1,3,4,5)R binding (open circles) was of the same order of
magnitude as that of Ins(1,3,4,2)Ehough the phospholipid
showed a higher potency in displacirfigi]ins(1,3,4,5)Rthan
Ins(1,3,4,5)R at concentrations greater than 00@. The
ICso values were estimated to be 21 nM for di-Rtdins-
(3,4,5)R, and 25 nM and 2M for the high and low binding
sites, respectively, for Ins(1,3,4,5)P

The interaction between the Ins(1,3,4,b)yBceptor and
PtdIns(3,4,5)Pprovided a putative link between PI 3-kinase
and C&" signaling during platelet activation. However, the
present study could not exclude the possibility that PtdIns-
(3,4,5)R facilitated C&" entry by affecting membrane
permeability, which is currently under investigation.

Ptdins(3,4,5)R-Induced Platelet Aggregation Is Indepen-
dent of TXA Several physiological mediators other than
C&" might also be involved in the induction of shape change
and aggregation. These include TXAenerated by the
oxidation of arachidonate3$). To shed light into its
potential involvement in Ptdins(3,4,%duced platelet
aggregation, we assessed the effect of aspirin on the
aggregation. However, no inhibition of PtdIns(3,45)P
induced platelet activation was noted with aspirin pretreat-
ment.

DISCUSSION

This study represents the first evidence that PtdIns(3,4,5)-
P; induces platelet aggregation in a dose-dependent manner
by activating Ca'" influx. Several lines of evidence indicate
that this stimulatory effect is PtdIns(3,4,3)§pecific. First,

a series of D-3 and D-4 phosphoinositides examined were
not able to induce appreciable Cainflux or platelet
aggregation even at concentrations substantially higher than

a water soluble derivative, was used in place of micellar di- that of Ptdins(3,4,5)2 Second, the rates of phospholipid

Ci6-PtdIns(3,4,5)P because the latter would be readily
incorporated into membranes.
The displacement off]Ins(1,3,4,5)R by its cold coun-

uptake for fH]PtdIns(3,4,5)R and PH]PtdIns(3,4)R were
comparable, excluding the possibility of differential phos-
phoinositide uptake by platelets. Third, no significant

terpart (closed circles) displayed a profile characteristic of metabolism of {H]PtdIns(3,4,5)R was noted after being

two ligand-binding sites of vastly different affinities, which

incorporated into plasma membranes for 20 s. These

closely resembled that described in the literature for the Ins- observations confirm the notion that individual Pl 3-kinase

(1,3,4,5)R receptor in pig platelet membrane33]. The
potency of di-G-PtdIns(3,4,5)P in displacing fH]Ins-

lipid products play different roles in the regulation of cell
function.
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The dose dependency data in Figure 1 suggest a subtldineation of the molecular basis by which PtdIns(3,455)P
relationship between the in vitro PtdIns(3,4,5@@ncentra- activates C# transport will give useful insights concerning
tion and platelet function. With exogenous PtdIns(3,45)P the control of in vivo platelet activation.
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