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ABSTRACT

Ro 44-9883, a potent and selective GPIIb/IIla antagonist, is an antithrombotic
peptidomimetic developed using the arginine-glycine-aspartate-serine (RGDS) sequence
as a chemical lead compound. Inhibition of aggregation, as detected by an aggregometer,
by Ro 44-9883 resulted in complete inhibition of '“C-serotonin secretion. This correlated
with an inhibition of thromboxane A, (TxA,) formation, detected by EIA, which was
induced by weak agonists such as ADP or low dose thrombin receptor agonist peptide
(TRAP). The inhibition of serotonin secretion as well as TxA, formation was overcome
by higher doses of TRAP. Ro 44-9883 had no effect on serotonin secretion in
Glanzmann's thrombasthenic platelets. Inhibition of serotonin secretion was not
completely reversed by the TxA, mimetic, U46619, or exogenously added arachidonic
acid, but additionally required lysophosphatidic acid. Interestingly, Ro 44-9883 inhibition
of TxA, formation was not due to a lack of cytosolic phospholipase A, (cPLA,) activation
as assayed in vitro. Moreover, blocking aggregation with Ro 44-9883 had no effect on
phospholipase C generated IP,, as measured by °H-IP, radioreceptor assay,
spectrophotometrically measured cytosolic calcium flux and pH changes, diacylglycerol
formation, as detected by *?P-labeling of the phosphatidic acid pool and thin-layer
chromatography (TLC), nor on protein kinase C and myosin kinase activities, as detected
by *?P-labeling, SDS-PAGE and autoradiography. However, tyrosine phosphorylation of
p125F4K (focal adhesion kinase) in both low and high dose TRAP-stimulated platelets was
blocked by Ro 44-9883 pretreatment, as observed by SDS-PAGE and western blotting.

These results suggest that aggregation is specifically required for weak agonists induced
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intracellular activity of cPLA,, possibly by regulating phospholipid substrate availability

or interaction of cPLA, with the membrane.

Our study also suggested unactivated platelets have a major portion of cPLA,
associated with the membrane, which is not mediated by actin, and possibly mediated by
interaction by an unknown mechanism with several membrane proteins, as evaluated by
immunoprecipitation, SDS-PAGE and western blotting. Platelet activation results in
cPLA, phosphorylation and a shift of cPLA, from the membrane to the cytosol with a
large portion associated with the cytoskeleton since this cPLA, could be released by
DNase I treatment to depolymerize actin filaments. This cytosolic/cytoskeletal fraction
also contained most of the phosphorylated cPLA, with no **P-labeled cPLA, found in
membrane fractions, as detected by **P-labeling, IPPT, SDS-PAGE, and autoradiography.
Blocking aggregation neither affected phosphorylation of cPLA,, nor the redistribution of
cPLA, between the cytosol and the membrane. These results suggest that membrane
protein clustering in connection with aggregation, perhaps related to tyrosine
phosphorylation of p125¥¥, is required for the phospholipid substrates of cPLA, to be
exposed. Additionally, these results suggest a more complex regulation of ¢cPLA, than

previously proposed.
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PART I

INTRODUCTION

Blood platelets are anucleate cell fragments derived from megakaryocytes and
play an important role in hemostasis and thrombosis. Platelets can adhere to exposed
extracellular matrix proteins of subendothelium in an injured blood vessel wall. This
adhesion causes platelets to release activating signals, which further stimulates circulating
platelets to undergo adhesion, shape change, aggregation, and secretion. The formation |
of a hemostatic platelet plug will be reinforced by the effects of thrombin, which converts
fibrinogen to fibrin. Defective function of platelets due to congenital factors can cause
bleeding problems such as Bernard-Soulier Syndrome (deficient in Glycoprotein Ib, GPIb)
and Glanzmann's thrombasthenia (deficient in GPIIb/IIla) (Gerrard et al., 1988).
Activated platelets not only play a role in hemostasis, but also in pathologic conditions.
One of the well-known examples is that the formation of excessive thrombi on ruptured
atherosclerotic plaques can block blood flow, resulting in ischemic necrosis, stroke, and

myocardial infarction. (Scharf et al., 1987).

Platelet Structure and Function

Unstimulated platelets have discoid shape with a mean diameter around 5 um.
When platelets are activated by agonists, they undergo shape change to spiny spheres
following the formation of pseudopodia (Ware et al., 1995).

The plasma membrane of platelets is composed of a bilayer of phospholipids,

which also contains cholesterol, glycolipids and glycoproteins. The prominent




phenomenon in the plasma membrane of platelets is that the phospholipids are

asymmetrically distributed. The negatively charged phospholipids, including
phosphatidylserine (PS), phosphatidylinositol (PI) and phosphatidylethanolamine (PE), are
mostly located in the inner leaflet of plasma membrane, but the others are distributed
more evenly (Schick, 1994). This patter of distribution is considered to regulate
coagulation since PS, translocated from the inner to the outer leaflet of the plasma
membrane during platelet activation, accelerates the steps of coagulation (Walsh et al,,
1994). The aggregated platelets generate thrombin from prothrombin by the
prothrombinase complex composed of activated factors V and X plus negatively charged
phospholipids, especially PS. The generated thrombin converts fibrinogen to fibrin which
reinforces the platelet plug.

Platelets contain two internal membrane systems. The open canalicular membrane
system is an important access by which external elements enter the inside of platelets and
secreted contents go to the outside of activated platelets. It is also a source of membrane
for the filopodia formation and spreading in platelet activation reaction (White, 1974,
White, 1994). The other major membrane reticular system, the dense tubules, contains
several of the enzymes for arachidonic acid metabolism. These are prostaglandin
endoperoxide synthetase, thromboxane synthetase, and diglyceride lipase. It is also a
storage site of calcium, and releases calcium to regulate cytoplasmic calcium
concentration and the function of several calcium-dependent proteins (Gerrard, 1988).

The most outer layer of the platelets is glycocalyx, which extends from the

trilaminar plasma membrane. The glycocalyx is comprised of the complex carbohydrate



residues of several glycoproteins (GP) which are important components of platelet

membrane. Glycoprotein receptors, such as.GPIIb/IIIa, GPIb/IX, and GPla/lla, are the
binding sites for adhesion molecules, which are involved in platelet activation, adhesion
and aggregation (White, 1994).

CD9 is a transmembrane glycoprotein and its function in platelets is not clearly
understood. B2-microglobulin ($2-m), a small invariant protein associated with MHC
class I antigens on platelets, is involved in immune responses. CD32 and CD62 are also
transmembrane platelet surface proteins. CD32 or Fcy-RII is involved in immune
complex binding and activation. CD62 or P-selectin exists in alpha granule membrane
in resting platelets, translocates to the surface of platelets upon activation, and is involved
in platelet-leukocyte adhesion (Ware et al., 1995). Some monoclonal antibodies to the
CD9 and B2-m can trigger platelet activation through interaction with the Fcy-RII (Carroll
et al.,1990; Rubinstein et al., 1991).

Platelet organelles include dense bodies, alpha granules, lysosomes, peroxisomes
and mitochondria. The first two organelles have prominent effects in platelet activation.
The dense bodies contain adenosine diphosphate (ADP), serotonin, and calcium. Released
ADP from dense granules of the activated platelets serves as a positive feedback element
to recruit more platelets for the formation of aggregates at the injured vessels. Alpha
granules contain platelet specific proteins, such as platelet factor 4 and B-thromboglobulin,
and other adhesive glycoproteins such as fibrinogen, vWF, fibronectin, thrombospondin,
and vitronectin, which are involved in platelet adhesion reaction (Ware et al., 1995).

Coagulation factor V in alpha granules is a potent coagulation promoter (Bode et al,,



1985). Alpha granules also contain a group of mitogenic factors including platelet-derived
growth factor, endothelial cell growth factor, epidermal growth factor, and transforming
growth factor-B, which are related to various cell growth responses (Deuel et al., 1986;
King et al., 1984; Rifkin et al., 1993; Ware et al., 1995)

The platelet cytoskeleton is divided into two components, membrane skeleton and
cytoplasmic actin filaments. The membrane skeleton contains short actin filaments,
located on the inner surface of the membrane. Actin filaments are also considered to
attach to the cytoplasmic domains of transmembrane glycoproteins such as GPIb/IX,
GPIa/Ila, and probably GPIIb/IIla, through linking proteins such as actin-binding protein,
talin, vinculin and spectrin. The function of the membrane skeleton is to regulate platelet
shape and maintain membrane stability. The actin filaments in the cytoplasm are also
involved in platelet contractile events (Fox, 1993).

The platelet cytoskeleton undergoes dynamic changes following stimulation, in
which polymerization of actin monomers and cross-linking of actin filaments are both
increased (Fox et al., 1984; Jennings et al., 1981), and interaction of myosin, actin, and
other proteins are required for centralization of granules, extension of filopodia, and clot
contraction (Gerrard, 1988). Platelet activation directly and indirectly involves
reorganization of the platelet cytoskeleton, as demonstrated by several previous studies
including work from this laboratory (Carroll et al., 1982). Platelet aggregation mediated
by interaction of fibrinogen and GPIIb/IIla is required to induce cytoskeleton
reorganization, and linkage of the GPIIb/IIla to the cytoskeletal core. Some of the

important signal transducing enzyme were determined to partially associate with platelet



cytoskeleton such as tyrosine kinases, pp60°*“and p72”*, (Pumiglia et al., 1993; Tohyama
et al., 1994), low molecular weight G proteins, Rap2B and Rap 1b (Torti et al., 1994;
Fischer et al,, 1994), PLC, diacylglycerol kinase and several proteins with tyrosine
phosphorylation dependent on platelet aggregation (Grondin et at., 1991; Zhang et al.,

1992).

Platelet Adhesion and Aggregation

In achieving hemostasis and thrombosis, platelet function can be divided into two
distinct processes, adhesion and aggregation.

Platelets circulating in the blood vessel usually do not adhere to the normal
endothelium, but they can adhere to the exposed subendothelium of injured vessels within
seconds. This adhesion consists of two phases, platelet pseudopodia formation followed
by platelet spreading which closely adheres to subendothelium (Turitto et al.,1983).
Collagen and von Willebrand factor (VWF) are major extracellular proteins for initiating
platelet adhesion. Subendothelial vVWF can come from three different sources,
endothelium, plasma and platelet alpha granules (Sixma, 1994; Coller, 1985). Platelet
receptors binding to these molecules are GPIa/Ila for collagen (Kunicki et al., 1988), and
GPIb for vWF (Coller, 1985). Deficiency in GPIb, called Bernard-Soulier Syndrome, and
in vWF, called von Willebrand's disease, shows reduced adhesion of the platelets, and
thus impaired hemostasis clinically (Gerrard, 1988). Other adhesion proteins, fibronectin,

vitronectin, and fibrinogen are also involved in the platelet adhesion reaction.




Platelets adherence to subendothelium leads to platelet activation. Activated

platelets release ADP, serotonin, and generate TxA,, which further amplifies the platelet
activation response and recruits surrounding‘ platelets into a growing platelet plug.
Platelet aggregation, which is essential for thrombus formation, is mediated by fibrinogen
binding to the functional platelet GP IIb/Illa complex (Phillips et al., 1988). When
platelets are activated, the shielded fibrinogen binding sites (GP IIb/IIIa) on platelets
become exposed by an unknown mechanism. The binding of fibrinogen in the plasma to
GP IIb/IIa crosslinks and thus aggregates adjacent platelets. Patients with Glanzmann's
thrombasthenia (defect of GP IIb/IIla) show deficient aggregation of the platelets and thus
impaired hemostasis (Gerrard, 1988).

GP IIb/IIla (fibrinogen receptor; o, f3,), an integrin receptor, is essential for the
aggregation reaction. It has the basic structure of integrin receptors consisting of an a
subunit (IIb), and a B subunit (IIIa) which are both transmembranous proteins. GPIIb has
four calmodulin-like domains which bind calcium, and both o and P subunits have ligand
binding regions (Phillips et al., 1988). Calcium in the extracellular environment is
required to maintain the functional structure of GP IIb/IIIa (Kunicki et al. 1981). Calcium
chelators can disrupt the functional conformation of GP IIb/Illa, and thus block
aggregation in the stimulated platelets (Pidard et al., 1986). The tetrapeptide sequence,
arginine-glycine-aspartate-serine (RGDS), is one of the recognition sequences for the
fibrinogen receptor GP IIb/Illa. Other adhesion proteins containing this sequence also can
bind to GP IIb/Illa on the activated platelets and mediate an adhesion reaction. They

include vWF, vitronectin, fibronectin, and thrombospondin (Plow et al., 1985).



Ro 44-9883, a non-peptide fibrinogen receptor antagonist with a high efficiency
and specificity in blocking aggregation, has been produced by using RGDS sequence as
a chemical structure model (Alig et al., 1992). In comparison with other platelet
aggregation inhibitors, Ro 44-9883 shows higher selectivity for GPIIb/IIIa than other
synthetic peptides containing a RGDS sequence which could also bind to other integrin
receptors. It also has a shorter plasma half-life than anti-IIb/Illa antibody, which may
decrease the side effects when Ro 44-9883 is clinically used (Alig et al., 1992). In
addition, it has a very low Ki for inhibition of platelet aggregation induced by all platelet
agonists in comparison to other synthetic peptides, (Gartner et al., 1985; Shebuski et al,,
1989). It has clinically been tested to determine its efficiency as an antithrombotic agent
in treating unstable angina due to the formation of the uncontrolled platelet aggregates

(Theroux et al., 1994).

Signal Transduction in Stimulated Platelets

Blood platelets are widely used as a model cell for studying signal transduction.
The platelet can be stimulated by variety of agonists, such as collagen, thrombin, ADP,
TxA,, serotonin, epinephrine, platelet-activating factor, and vasopressin. These agonists
are usually divided into strong and weak groups according to whether they can induce full
platelet activation without the self amplifying effects of platelet autocrine factors such as
ADP and TxA,. Strong agonists include collagen and thrombin. Weak antagonists, such
as ADP, serotonin, epinephrine, platelet-activating factor, and vasopressin, and low doses

of strong agonists induce platelet activation dependent on the generation and release of



O

autocrine factors. Antagonists of platelets includes another arachidonic acid metabolite

produced in endothelial cells, prostacyclin (PGI,), which inhibits and even reverses
| platelet activation (Cox and Carroll et al. 1984; Ware, 1995).
[ The role of the GPIIb/IIIa complex in platelet stimulus responsé coupling has been
‘ the topic of intense study. Activation by ADP and other weak agonists invokes platelet
\ shape change and aggregation, but dense granule secretion relies on TxA, formation
following aggregation (Detwiler et al., 1980; Zucker, 1980). In these experiments
secretion and TxA, formation were blocked by inhibiting aggregation, which was either
l prevented by not stirring the platelets or by using thrombasthenic platelets which lack
‘ GPIIb/ITIa. The above studies generally support a role for GPIIb/IIla mediated
|
} aggregation in dense granule secretion by weak agonists and low doses of thrombin and

collagen.

Thrombin, a potent platelet agonist, not only plays a central role in hemostasis and

thrombosis, but also possesses diverse biological functions of hormone and growth factor

(Fenton, 1988). Platelet stimulation by thrombin can cause maximum granule secretion
and platelet aggregation through two activating signal transduction pathways, which are
composed of the phospholipid metabolites of activated phospholipase C (PLC) and
phospholipase A, (PLA,) (Brass et al., 1993).

Activated PLC cleaves phosphatidylinositol 4,5-bisphosphate (PIP,) into 1,2-
diacylglycerol (DAG) and inositol 1,4,5-trisphosphate (IP,). IP, mobilizes Ca* frdm
dense tubular system to cytosol, which is required to activate Ca**-dependent enzyme

activities such as myosin kinase which phosphorylates myosin 20-kDa light chains. The



other PLC metabolite, diacylglycerol, activates protein kinase C (PKC) which
phosphorylates the 47-kDa protein (Kawahara et al. 1980).

Liberation of arachidonic acid with concurrent generation of lysophospholipids
from thrombin-stimulated platelets can be mainly attributed to activation of PLA,, which
hydrolyses arachidonic acid from the inner leaflet membrane phospholipids (Broekman,
1986). Arachidonic acid and lysophospholipids may serve directly as intracellular second
messengers (Kim et al., 1989) or they are further converted to lipid mediators such as
PAF, and eicosanoids (most importantly in platelets, TxA,), which are both vasoactive and
important inflammatory mediators (Chang et al., 1987).

Arachidonic acid in platelets can undergo several metabolic routes, but conversion
to the precursor prostaglandin (PG) H, by cyclooxygenase, and finally conversion to TxA,
by thromboxane synthetase is the most important one. Both PGH, and TxA, are potent
platelet activators. TxA, stimulates platelets by G,-coupled receptor, which leads to
activation of PLC, triggering IP, mediated release of calcium from dense tubular system
as well as diacylglycerol formation and activation of PKC (Brass et al 1993). TxA,;also
serves as an intracellular signal transduction molecule which, like IP;, directly releases
calcium from the dense tubular system (Brace et al. 1985). Aspirin inhibition of platelet
activation is due to irreversible inhibition of cyclooxygenase activity by acetylation, which
leads to inhibition of TxA, production (Picot et al. 1994). Strong agonists such as a high
level of thrombin still can fully activate platelets through other pathways (Oates et al.,

1988), thus aspirin is not very effective in treating acute thrombotic events.




Generally, PLA, of platelets is found in two forms, the secretory form (sPLA,, 14-
kDa) and the cytosolic (cPLA,, 85-kDa). The structures and functions of these two
forms are quite different. (Lin et al., 1993). 1) sPLA,, in platelets, is localized in alpha
granules of resting platelets, and released to the extracellular medium when platelets are
activated by thrombin (Mounier, et al., 1993). cPLA, is generally considered to be free
in the cytosol and translocates to the membrane where its substrate is located following
activation (Clark et al., 1991). 2) sPLA, activity requires extracellular millimolar
concentration of Ca®**, but c¢PLA, activity only requires intracellular micromolar
concentration of Ca®* (Lin, et al., 1993) 3) sPLA, shows nonselectivity of hydrolyzing
the sn-2 fatty acyl chain of phospholipids, but ¢cPLA, shows a high selectivity for
arachidonic acid (Kim et al., 1988). It is generally agreed that cPLA,, but not sPLA,,
mediates the rapid intracellular production of arachidonic acid (Bartoli et al., 1994).
cPLA, is composed of two functional domains: a regulatory Ca**-dependent lipid-binding
domain which facilitates cPLA, association with phospholipids, and a Ca**-independent
catalytic domain responsible for hydrolysis of arachidonic acid from phospholipids
(Nalefski et al.,, 1994). It has been demonstrated that cPLA, activity in stimulated
platelets can be regulated by several mechanisms. (1) Increased intracellular Ca*
concentration in platelet receptor-mediated responses is required to trigger activation of
cPLA, (Rittenhouse et al., 1984). (2) Blocking Na'/H" exchange will prevent intracellular
alkalinization and arachidonic acid release induced by weak agonists such as epinephrine
and ADP (Banga et al., 1986). (3) Change in the metabolic pools of diacylglycerol,

phosphoinositides and phosphatidic acid can possibly alter local membrane structure thus
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facilitating cPLA, hydrolysis of phospholipids (Kramer et al., 1987) as well as activating
cPLA, by mediating calcium flux and protein kinase activation. This hypothesis suggests
that the PLC pathway can participate in the activation of cPLA,. (4) Phosphorylation of
cPLA, may be important for its activity. In platelets stimulated by thrombin, increased
cPLA, activity corresponds to the extent of phosphorylation of cPLA, (Kramer et al.,
1993). Either protein kinase C or mitogen-activated protein (MAP) may be involved in
phosphorylation of cPLA, in platelets (Halenda, et al., 1989; Lin et al., 1993). (5) Finally,
activation of G, or G, proteins causes increased cytosolic Ca™ (through PLC activation)
which indirectly activates cPLA, by mediating its association with the phospholipid
membrane. It has also been shown that a G, mediated process is required for cPLA,
activity independent of calcium flux by an unknown mechanism (Kim et al., 1989).
Several important platelet receptors, such as those for TxA,, PAF, thrombin, PGE,,
and PGI, have been demonstrated to be coupled with G proteins. G proteins are
heterotrimeric structure consisting of o, f3, and ¥y subunits, with the o subunit containing
the GTP/GDP binding site. Binding of agonist to the receptor coupled with G proteins
results in the conformational change of the G proteins, in which GDP dissociates from
o subunit, and o subunit binding to GTP then dissociates it from the By subunits. G,
and G, may both be involved in upregulating some enzyme activities (Brass et al.,
1993). There are at least nine forms of o subunits identified so far in human platelets.
G, and G, are involved in regulating cAMP formation in platelets. G, coupled receptors
stimulate adenylyl cyclase which converts adenosine triphosphate (ATP) to cyclic-

adenosine monophosphate (cAMP).  PGI,, through its G, coupled receptor events,
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elevates cytosolic cyclic AMP, which blocks and reverses cytosolic calcium flux,
cytoskeleton assembly and GPIIb/IIla mediated aggregation (Carroll et al 1982).
Thrombin, ADP and epinephrine inhibit adenylate cyclase by stimulation of their G;
protein-coupled receptors. G protein regulation of PLC has been shown to be through
PLC;. G, (linked to TxA, receptor), which is not sensitive to pertussis toxin, and G,

family members such as G, G,

tl» i

,, and G, which are sensitive to pertussis toxin, could
mediate PLC activity in stimulated platelets. Regulation of cPLA, activation by G protein
involves two possible mechanisms, increased calcium and diacylglycerol activation of
PKC through G, and G, mediated PLC pathways, and a G;-mediated cPLA, activation by
an unknown mechanism required in addition to calcium elevation and PLA,
phosphorylation (Brass et al., 1993; Winitz et al., 1994).

Tyrosine phosphorylation in platelets is very important in the induction of cellular
response to extracellular stimuli. Many agonists including thrombin, ADP, epinephrine,
collagen, and vasopressin can induce different types of tyrosine phosphorylation in platelet
activation (Nalamura et al., 1989, Golden et al., 1989, Golden, et al., 1990, Granot, et al,,
1990). In platelets stimulated by thrombin, three waves of tyrosine phosphorylation
taking place at 5-20 s, 1-3 min, 3-5 min, have been detected (Ferrell et al,, 1988).
Tyrosine phosphorylation of intracellular proteins corresponds to shape change,
aggregation and granule secretion of thrombin-stimulated platelets (Shattil et al., 1991,
Pumiglia et al. 1993). The important nonreceptor tyrosine kinases involved in platelet
activation are part of the Src family. One of these, pp60src, represents 0.2%-0.4% of total

platelet protein (Golden et al.,1990). Others related to src family in stimulated platelets
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are fyn, lyn and yes. (Cichowski et al.,, 1992). The function of many of the proteins

phosphorylated by the these enzymes is not yet clear.

MAP kinase, an important protein in signal transduction, has been implicated in
regulating mitosis and proliferation in nucleated cells (Blenis, 1991). MAP kinase can
be stimulated by G protein coupled receptor or receptor tyrosine kinase pathways (Blenis
1993; Lange-Carter et al. 1993). MAP kinase can also directly induce activation and
phosphorylation of ¢cPLA, at serine residues, as detected by site-directed mutagenesis of
the cPLA, in Chinese Hamster Ovary (CHO) cells (Lin, et al 1993). In platelets, MAP
kinase showed enhanced phosphorylation on serine, threonine, and tyrosine residues and
increased activation by thrombin stimulation, which was not reduced by blocking
aggregation mediated by GPIIb/Illa using RGDS peptides (Papkoff et al 1994). The
function of MAP kinase in platelets, not yet elucidated, could be related to cPLA,
activation and modulating the function of cytoskeletal proteins, connected to platelet
secretion and adhesion. Nakashima et al. reported that tyrosine phosphorylation of MAP
kinase, in thrombin-stimulated platelets, corresponded to a late phase cPLA, activation
and release of arachidonic acid (Nakashima et al 1994; Papkoff et al 1994).

Recently, GPIIb/IIla-mediated aggregation or GPIa/lla-mediated adhesion to
collagen has been linked to tyrosine phosphorylation of 101, 105-kDa peptides and
p125F4X (focal adhesion kinase which is involved in cellular adhesion such as at the focal
contacts of cells with substratum) (Haimovich et al 1993). This tyrosine phosphorylation
was subsequently shown to require both integrin receptor occupancy and agonist-mediated

activation (Shattil et al., 1994). Seufferlein et al. (1994) reported that 1-oleoyl-
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SFAK

lysophosphatidic acid (LPA) induces tyrosine phosphorylation of pl2 and other
proteins in Swiss T fibroblasts. This was independent of PKC activation and intracellular
calcium flux since inhibition of PKC and depletion of intracellular calcium did not block
tyrosine phosphorylation of these proteins. However, integrity of the actin cytoskeleton
was showed to be required for LPA-stimulated tyrosine phosphorylation of p1254* since
it was blocked by cytochalasin treatment to disrupt actin filament assembly (Seufferlein
et al. 1994).

In platelet activation, there is a dynamic balance between tyrosine phosphorylation
and dephosphorylation, mediated by protein tyrosine phosphatase (PTPase). PTP-IB, a
tyrosine phosphatase, has been identified in human platelets. Cleavage of PTP-1B and
subcellular relocation from the cytosolic face of the endoplasmic reticulum to the cytosol,
which correlates with increased activity of PTP-IB, can be induced by the engagement of

GPIIb/IIa in stimulated platelets (Frangioni et al., 1993). The substrates of PTP-IB are

not known.

Significance of This Study

Platelet aggregation has a central role in excess thrombi formation and occlusion
of vessels in pathogenic conditions such as atherosclerosis. Ro 44-9883 a platelet
GPIIb/IIIa antagonist was chosen for our research purpose due to its greater efficiency and
selectivity than other platelet inhibitors to block platelet aggregation. Anti-GPIIb/IIIa
monoclonal antibodies are more expensive, and also can evoke an immune response as

a side effect, thus such compounds as Ro 44-9883 are more desirable as clinical
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therapeutic agents. Such compounds are superior to aspirin which not only inhibits
platelets, but also inhibits the production of prostaglandins in other tissues including
prostacyclin which is antithrombotic. The objective of our current study is to use a
biochemical approach to detect the effects of GPIIb/IIIa antagonist Ro 44-9883 by
blocking aggregation on platelet activation, phospholipid metabolism, granule secretion,
and signal transduction pathways, especially in PLA, pathway. In particular, one
important part of this study is to determine the role of integrin mediated aggregation in
regulating PLA, activity in order to more fully understand the effects of aggregation
inhibitors in clinical trials. The results of this study may help to interpret clinical findings

and possibly provide valuable information for designing better therapeutic strategies.
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PART II

MATERIALS AND METHODS

Materials

Ro 44-9883 and TRAP (synthetic SFLLRNPNDKYEPF peptide) were both
obtained from Hoffman La Roche. Arachidonic acid was purchased from Nuchek Prep,
Elysian, MN. Peroxidase-conjugated Goat Anti-Rabbit 1gG was purchased from Jackson
ImmunoResearch Laboratories, Inc. Phosphatidic acid and diacylglycerol (dioleoyl) were
obtained from Avanti Polar Lipids, Birmingham, AL. Silica gel 60A, 250 um, K6 TLC
plates were manufactured by Whatman Internal,, LTD, Maidstone, England. ADP,
lysophosphatidic  acid (oleoyl), Thrombin, «a-D(+)Glucose, Trizma base,
phenylmethylsulphonyl fluoride, leupeptin, bovine serum albumin, EGTA, molybdic acid,
beta-mercaptoethanol, protein A sepharose, sepharose CL-2B, EDTA, bromophenol blue,
Triton X-100, TEMED, B-glycerophosphate, sodium orthovanadate, dithiothreitol, and
prestained molecular weight standard were purchased from Sigma Chemicals, St. Louis,
MO. Potassium chloride, calcium chloride, HEPES, sodium chloride, glycerol, acetic
acid, methyl alcohol, and isopropanol were purchased from Mallinckroft, Paris, KY.
Acrylamide, ammonium persulfate, bis-acrylamide, glycine, Tween-20 and the
nitrocellulose membranes were purchased from BioRad, Richmond, CA. The sodium
doecyl sulfate was purchased from BDH Chemical, Pooie, England. Sodium citrate,
magnesium chloride was purchased from Fisher Scientific, Fair Lawn, NJ. Normal goat

serum was purchased from Pelfreeze Biological, Roger, AZ.
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Methods

Platelet Preparation

Blood was collected from volunteers giving informed consent and who denied
taking drugs for at least two weeks prior to donation. Blood was drawn ffom the
antecubital vein into one-tenth volume of CCD (100 mM sodium citrate and 130 mM
glucose, pH 6.5). Platelet rich plasma (PRP) was prepared by centrifugation at room
temperature for 3 minutes at 1000g. Platelets were labeled with '“C-serotonin (0.05
uCi/ml, Amersham, Arlington Heights, IL), for 45 minutes at 37°C before
experimentation. Blood was also acquired from individuals with Glanzmann's
thrombasthenia (GT), after obtaining informed consent, both in the Coagulation
Laboratory, Christiana Hospital, Newark, DE (shipped to Knoxville overnight at ambient
temperature as CCD anticoagulated whole blood along with control blood samples,
courtesy of Dr. Robert Abel) and in CRTS laboratories, Strasbourg, FRANCE, which were
assayed the same day in Dr. Lanza' laboratory. PRP was used without adjusting platelet
counts which ranged from 3 to 6 x 10®/ml. After PRP was collected, it was cooled on
ice for 15 minutes and mixed with one half volume of 4°C CCD buffer. The platelet
pellet was prepared by centrifugation of the mixed PRP at 4°C for 10 minutes at 900g and
decanting the supernatant. The platelet pellet was resuspended in a Tangen-HEPES-BSA
buffer (145 mM sodium chloride, 5 mM potassium chloride, 0.1 mM magnesium chloride,
0.05 mM calcium chloride, 5.5 mM glucose, 15 mM HEPES, and 1mg/ml bovine serum
albumin). The platelet suspension was warmed at 37°C for 45 minutes and then cooled

on ice for 10 minutes. Gel-filtered platelets (GFP) was obtained by filtering the platelet
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suspension on a Sepharose-2B column (Sigma) equilibrated and eluted with a Tangen-

HEPES-BSA buffer and warmed to 37°C for 45 minutes before experimentation.

Aggregation of Platelets

Aliquots (0.5 ml) of PRP or GFP were pretreated 3 minutes with varying
concentrations of Ro 44-9883 (obtained from Hoffman La Roche), and then activated with
indicated agonist for an additional S minute continuous stirring at 37°C. Aggregation of
platelets in PRP or gel-filtered platelets was carried out at 37°C with constant stirring in
siliconized glass cuvettes monitored with a Payton dual channel aggregometer (Payton
Scientific. Inc, Buffalo NY). Light transmittance was calibrated to 0% using the platelet
suspension and at 100% using plasma for PRP and Tangen-HEPES-BSA buffer for GFP

samples.

Serotonin Secretion

Triplicate aliquots (0.1 ml) of PRP pre-labeled with '“C serotonin were pretreated
3 minutes with or without Ro 44-9883, and then activated with ADP or TRAP. After an
additional 5 minute continuous stirring at 37°C, the secretion was stopped by immediately
mixing the aliquots into 0.9 ml of ice cold phosphate-buffered saline (PBS) with 10 mM
EGTA and 0.2% glutaraldehyde. The platelets were removed by centrifugation for 3
minutes at 10,000g and percent release was evaluated by scintillation counting of 0.5 ml

aliquots.
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d-Myo-Inositol 1-, 4-, 5-Triphosphate (IP,) Assays

0.5 ml GFP (5 x 10%/ml) were sampled at the indicated time points after adding
20 uM TRAP either without or with pretreatment with 1 uM Ro 44-9883 with continuous
stirring at 37°C in a siliconized aggregometer cuvette. Then 0.3 ml aliquots were
immediately mixed with 0.06 ml of 100% trichloroacetic acid (TCA) to stop the reactions,
and IP, was extracted. IP, was assayed by a competitive calf brain receptor binding assay
after TCA in the samples had been removed by solvent extraction per manufacture's

directions (Dupont-NEN, Boston, MA).

Fluorescence Assays of Calcium and pH

PRP labeled with either the calcium indicator fura-2/AM (2uM) or the pH
indicator BCECF/AM (10 uM) (from Molecular Probes, Eugene, OR) at 37°C for 45
minutes prior to gel-filtration were activated with continuous stirring at 37°C by 20 uM
TRAP following pretreatment with nothing or 1 uM Ro 44-9883. Fluorescent assays were
carried out in plastic cuvettes (UV type) using a Shimadzu RF5000 Spectrofluorometer
(Shimadzu Scientific Instruments, Inc., Columbia, MD) with stirring at 37°C, which was
discontinued 30 seconds following addition of an agonist for the BCECF-labeled platelets
to avoid uneven fluorescent signal due to the formation of large aggregates. This
discontinuous stirring was not required for the fura-2 fluorescence, which was evaluated
by signal ratio of two excitation wavelengths. Responses over time are shown as the
ratio of fluorescence sensitive to [Ca]; at 510 nm with excitation at 335 or 360 nm or as

the fluorescence changes sensitive to pH, at 530 emission with 495 excitation.
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Detection of Phosphatidic Acid

GFP were labeled by **P-orthophosphate (0.5 mCi/ml, ICN, Costa Mesa, CA) at
37°C for 45 minutes before experimentation. 0.5 ml aliquots of **P-labeled GFP (5 x
10*/ml) were activated with 20 uM TRAP for indicated time points with continuous
stirring at 37°C either with or without 1 uM Ro 44-9883, and were extracted with water
saturated n-butanol to isolate total phospholipids. The samples were concentrated to
dryness by evaporation under a stream of nitrogen gas, dissolved in 20 ul of
chloroform:methanol (2:1), and analyzed on TLC plates by two-dimensional solvent
development. The plates were air dried and phospholipids were visualized by iodine vapor
or sulfuric acid charring. **P-label was measured by autoradiography/densitometry. The
position of phosphatidic acid was confirmed by co-development of a pure phosphatidic

acid standard.

Phosphorvlation of Myosin Light Chain and p47

32p_labeled GFP (5 x 10%/ml) were activated at 37°C with continuous stirring with
20 uM TRAP for indicated time points with or without pretreatment by 1 uM Ro 44 9883.
Aliquots (60 ul) removed at the indicated times, were immediately added to 30 ul of 3
fold reducing denaturing solution (6% SDS, 6% B-mercaptoethanol, 1 mM EGTA, 3 mM
EDTA, 30% glycerol, 0.03% bromophenol blue, 150 mM Tris-HCI, pH 6.8) to stop the
reaction and to denature proteins. After SDS-PAGE of these aliquots, phosphorylated 20-

kDa myosin light chain (p20) and the 47 kDa (p47) substrate of protein kinase C were

visualized on autoradiograghs and quantitated by densitometry.




Enzyme Immunoassay (EIA) for TxA,

Paired aliquots (0.5 ml) of PRP were pretreated for 3 minutes with Ro 44-9883,
and then activated with TRAP or ADP. After an additional 5 minute continuous stirring
at 37°C, the paired samples were then diluted into 4.5 ml of ice cold distilled water
containing 20 ug/ml indomethacin to stop the platelets from further synthesis of
thromboxane. After freeze-thawing, the samples were centrifuged at 3000g for 10 minutes
at 4°C to remove the lysed platelets. The level of TxB,, a stable metabolite of TxA,, was
determined on these platelet lysates by EIA per manufacture's instructions (Cayman

Chemical Co., Ann Arbor, MI). Data is expressed as TxA,.

In vitro Assays for Phospholipase A, Activity

Equal aliquots (1 ml) of gel-filtered platelets (5 x 10%/ml) were activated with
continuous stirring at 37°C for 6 minutes with 20 uM TRAP, or pretreated with 1 uM Ro
44-9883 before addition of 20 uM TRAP. Controls without treatment were included. The
1 ml aliquots were then mixed with a freshly-made 20 fold concentrated stock solution
(2 mM EGTA, 0.2 mM leupeptin, 0.1 mM phenylmethylsulfonylfluoride, 0.4 mM sodium
vanadate, 2 mM dithiothreitol, 1 mM beta-glycerophosphate, 0.4 mM sodium molybdate,
with or without 1 mg/ml DNase I as indicated), and sonication of the samples was carried
out at 0°C for 45 seconds. Platelet cytosol fractions were obtained by centrifugation at
150,000g for 45 minutes at 4°C. Cytosolic PLA, activity was determined at 37°C with
triplicate 20 ul aliquots of the cytosolic fractions containing equal amounts of proteins

mixed with 200 ul of pH 7.4 assay buffer containing 150 mM sodium chloride, 50 mM
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HEPES, 1mg/ml bovine serum albumin, 1 mM calcium chloride, 1 mM dithiothreitol, 0.6

nM phosphatidyicholine, L-alpha-1-palmitoyl-2-arachidonyl (0.02 uCi arachidonyl-1-['*C],
Dupont-NEN, Boston, MA), plus diacylglycerol (dioleoyl) (2:1). Released *C-arachidonic
acid was separated from the phosphatidylcholine by silica gel absorption and heptane

solvent extraction, and CPM was determined by scintillation counting in triplicates.

Western Blotting

Platelet samples treated under the above conditions to obtain the cytosolic fraction,
and unfractionated samples, with or without DNase I in the lysis buffer, were subjected
to western blotting analysis. 200 ul of the cytosol fraction or the unfractionated sample
were separately added to 100 ul of 3 fold reducing-denaturing solution (as described
previously). The mixture was heated at 90°C for 5 minutes before electrophoreses. 90
ul of the cytosol and the unfractionated samples were run on 6%-17.5% gradient SDS-
PAGE. After being transferred to nitrocellulose overnight by standard protocols, the
proteins were probed with rabbit anti-cPLA, polyclonal antibody obtained from Dr.
Kramer (Eli Lilly), then reprobed with mouse anti-phosphotyrosine monoclonal antibody
(mAb) (PY-20 from ICN, Costa Mesa, CA) and mouse anti-focal adhesion kinase
(p12574%) monoclonal antibody (from Transduction Laboratories, Lexington, WI)
following stripping of the membrane per manufacture direction (Enhanced
Chemiluminescence ECL Kit, purchased from Amersham) Bound antibodies were
detected by ECL using a horseradish peroxidase-conjugated anti-rabbit immunoglobulin,

and quantitated by densitometry. Different exposure times were quantitated to assure that
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values were in the linear range of exposure time. Percent distribution of cPLA, based on

the densitometry units of the cytosolic fractions divided by the average total platelet

content of cPLA, was determined.

32p.labeled cPLA, Immunoprecipitation (IPPT)

32p-labeled GFP were activated with 20uM TRAP with or without 1 uM Ro 44-
9883 preadded. Unactivated controls were included. Total platelet extracts were prepared
by mixing and sonicating platelet samples with an equal volume of 2% Triton X-100
buffer containing proteases and phosphatase inhibitors as described previously and 2
mg/ml DNase I (to help depolymerize actin filaments). Identically treated platelet sample
were fractionated by sonication without Triton X-100 and centrifugation as described
above. The cytosolic fraction was mixed with same volume of 2% Triton X-100
extraction buffer containing 2 mg/ml DNase I, and the membrane fraction was mixed with
1 % Triton X-100 extraction buffer containing one fold concentration of protease and
phosphatase inhibitors, plus 1mg/ml DNase I. The total platelet, cytosolic fraction, and
membrane fraction samples are diluted to equivalent volumes in terms of the original
platelet volume. Extracts were then recentrifuged to remove insolubles, and the
supernatants were incubated one hour with an excess (as determined in a previous
titration) of rabbit anti-PLA, antibody (provided by Dr Kramer, RM.). Immune
complexes were collected by protein A-sepharose, and washed with extraction buffer
three times before they were denatured and loaded on SDS-PAGE. Autoradiograms were

analyzed by video densitometry (Applied Imaging). Insoluble membrane fraction and
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post-immuno-precipitation supernatant were also subject to SDS-PAGE to detect if any

cPLA, was present in post-immuno-precipitation supernatants or insoluble extraction

residues.

Gel-Shift Assay for Phosphorylated cPLA,.

Aliquots of GFP (1.5 ml) samples were either activated with 20uM TRAP for 6
minutes or left unactivated. The platelet samples were mixed with 20 X protease and
phosphatase inhibitors before sonication. The membrane fractions were obtained by
centrifugation at 150,000g for 45 minutes at 4°C. The unfractionated samples were
denatured and reduced as previously described, and pellets of platelet membrane were
dissolved in 400 ul reducing-denaturing solution by sonication. 90 ul of the
unfractionated samples and 30 ul of membrane fraction samples (equivalent loads relative
to the original volume of GFP) were run on 10% acrylamide SDS-PAGE, followed by

western blot analysis with rabbit anti-cPLA, Ab, and detection with ECL Kit.

cPLA. Co-IPPT with Membrane Proteins

Aliquots of GFP (1 ml) were not treated or activated with 20uM TRAP with or
without 1 uM Ro 44-9883 preadded, or activated with 0.2 U/ml thrombin, before cPLA,
co-IPPT with anti-GPIb antibody. Aliquots of GFP (1.5 ml) were unactivated for cPLA,
co-IPPT with other anti-membrane antibodies.

The membrane fractions were prepared by sonication and ultracentrifugation.

Membranes were then extracted with 1% Triton X-100 buffer and 1 X protease and
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phosphatase inhibitors following by ultracentrifugation to remove insolubles. The extracts
were then treated with 14 ug of GPIb mAb (clone AN51 from Dako-Patts), 15 ug of CD9
mAb (SYB-1, IgGl subclass from Dr. J. Breard in Villejuif, France), 10 ug of B2-
microglobulin mAb (B2.62.2, IgG1 described by Liabeuf et al., 1981), 16 ug of CD32
mAb (IV-3, IgG,, subclass from Drs. C. Anderson, in Columbus, Ohio), and 20 ug of
CD62 mAb (CLB-thromb/6 from SANBIO, Uden, Holland). Immune complexes were
collected and run on SDS-PAGE. Western blotting with rabbit anti-cPLA, and detection

by ECL system were then carried out by procedures described above.

Statistics and Calculations

Percent release of granules was calculated by the following formula:

(Sample - zero time) / (total - zero time) x 100.
The percent inhibition was normalized for different donor results by the following
formula:

[1 - (Ro 44-9883 pretreated % response / % response with agonist alone)] x 100.

Statistical comparisons (SigmaStat software, Jandel Scientific Software, San Rafael, CA)
of % inhibition data used the standard students t-test with significance set at P < 0.05.
Third and fourth order regression curve fitting was done with SigmaPlot software (Jandel

Scientific Software).
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PART III

RESULTS

Effects of Ro 44-9883 on Aggregation and Serotonin Secretion
Platelets Aggregation and Serotonin Secretion

Figure 1 shows that Ro 44-9883 inhibits 20 uM TRAP induced aggregation and
serotonin secretion of platelets in a concentration-dependent manner. Interestingly,
TRAP-induced dense-granule was abolished more readily than was aggregation (IC,, of
10 versus 25 nM). The secretion of serotonin induced by weak agonists is dependent on

platelet aggregation and subsequent generation of TxA, which will be determined later.

Serotonin_Secretion Compared with Normal and Glanzmann's Thrombasthenia (GT)

Platelets

GT patient's platelets were pretreated with 1 uM Ro 44-9883 to determine if its
effects were mediated solely through the GPIIb/IIla complex. Figure 2 shows a
representative result of such a study comparing the effects of pretreatment of GT and
normal platelets with Ro 44-9883 on the serotonin secretion responses to low (20 uM) and
high (80 uM) concentration of TRAP. The inhibition by Ro 44-9883 of serotonin
secretion at low doses of TRAP correlated with inhibition of TxA, production which was
overcome at the high dose of TRAP (TxA, formation in normal platelets: 20 uM TRAP
with no pretreatment = 131 ng/ml versus 1 uM Ro 44-9883 = 21 ng/ml, 80 uM TRAP
with no pretreatment = 229 ng/ml versus 1 uM Ro 44-9883 = 152 ng/ml). In comparison

to normal platelets the GT platelets had less of a response to a low dose of TRAP in
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terms of serotonin secretion and there was no significant additional inhibition by the

GPIIb/IIIa antagonist. This was also the case with the Strasbourg I variant GT platelets
which have near normal amount of a non-functional GPIIb/IIIa. It was consistently noted
that the GT platelets had a greater response to low dose TRAP in terms of serotonin
secretion than normal platelets pretreated with Ro 44-9883. This may reflect a

compensation by other pathways in response to the aggregation deficit.

Effects of Ro 44-9883 on the Phospholipase C Pathway

IP, and Phosphatidic Acid Formation

To determine if Ro 44-9883 also affected the PLC pathway and generation of IP,
or diacylglycerol, we measured these metabolites. Figure 3 shows the combined results
of four time courses of IP, formation induced by 20 uM TRAP with or without
pretreatment with 1 uM Ro 44-9883. Although there was considerable variation in fold
increases in IP,, the combined data with and without pretreatment can be fitted to a
single curve with no significant inhibition by Ro 44-9883. The lack of effect of Ro 44-
9883 on the PLC pathway was also evident in the **P-labeling of phosphatidic acid
(Figure 4) which reflects diacylglycerol formation (Nozawa et al., 1991). Again, the data
with or without pretreatment can be fitted to a single curve within 95% confidence limits,

and no significant inhibition by Ro 44-9883 was found.
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Calcium and pH Responses

More direct parameters of platelet stimulus-response coupling include calcium flux
and pH changes within the cytosol. These were evaluated in GFP loaded with fura-2 to
measure calcium and with BCECF to measure pH changes. In separate experiments we
confirmed that serotonin secretion in GFP remained sensitive to Ro 44-9883 mediated
inhibition. At 20 uM TRAP the secretion was reduced from 18 + 1% to 2 + 1% by 1uM
Ro 44-9883. Shown in Figure 5A is the lack of effect of 1 uM Ro 44-9883 on the basal
levels or increase of calcium induced by 20 uM TRAP. Ro 44-9883 also had no effect

on the basal cytosolic pH or the alkalinization induced by 20 uM TRAP (Figure 5B).

Protein Kinase C and Myosin Kinase Activity

The above data suggested that many of the stimulus-response coupling pathways
remained unaffected by blocking aggregation. *’P-autoradiograms have proven a
convenient way to monitor platelet PKC and myosin kinase responses to agonists. Such
data are shown in figure 6A & B to evaluate the effect of Ro 44-9883 on 20 uM TRAP
activation over a 60 second time course. The initial phosphorylation of the P47 substrate
of PKC or myosin light chain (MLC), the 20 kDa substrate of myosin kinase, were not

significantly affected by blocking aggregation.
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Effects of Ro 44-9883 on the Phospholipase A, Pathway

TxA, Formation

It is well known that the secretion induced by weak agonists is dependent on
platelet aggregatioh and subsequent generation of TxA,. To determine if the inhibition
of secretion by Ro 44-9883 correlated with an inhibition of TxA, production we measured
its formation by EIA (Figure 7). TxA, formation induced by 100 uM ADP was inhibited
by Ro 44-9883 in a concentration dependent manner. It can be seen that there was a
maximal inhibition of TxA, formation and serotonin secretion, which occurred near the
IC,, for aggregation. Similar data has been obtained with 20 uM TRAP as the ’agonist

(data not shown).

Both TxA., and LPA are Required to Overcome the inhibition of Serotonin Secretion

The data above suggested an aspirin-like effect of Ro 44-9883. However, unlike
aspirin, Ro 44-9883 did not block TxA, formation from exogenously added 100 ug/ml
arachidonic acid (no pretreatment = 1390 £ 156 ng/ml versus 1 uM Ro 44-9883
pretreatment = 1785 + 266 ng/ml versus 100 uM aspirin pretreatment = 2.49 + 0.2 ng/ml).
When the TxA, mimetic, U46619, was titrated into either control, 100 uM aspirin, or 1
uM Ro 44-9883 pretreated PRP, there was a clear deference in the ability of U46619 to
induce serotonin secretion (Figure 8). An optimal concentration of 10 uM U46619 to
overcome the aspirin inhibition by only partially overcomes the inhibition by Ro 44-9883.
These results let us to consider if other possible phospholipid metabolites of the PLA,

pathway were required to completely restore serotonin secretion.
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Lysophosphatidic acid (LPA) is known to be a platelet activator. Exogenously
added 100 uM LPA induced serotonin secretion comparable to 100 uM ADP or
exogenously added arachidonate (Figure 9). As with ADP the secretion induced by LPA
was almost completely inhibited by an excess of Ro 44-9883 to block aggregation.
However the combination of ADP, arachidonate, and LPA overcame the inhibitory effects
of Ro 44-9883 on serotonin secretion, as shown in Figure 9, but not on aggregation which
remained completely inhibited (not shown). Inhibition by Ro 44-9883 is significant (P
< 0.05) for all agonists except for the last combination of ADP, arachidonic acid (AA),

and LPA.

In vitro Assays of PLA, Activity

The results above suggested that Ro 44-9883 inhibition was specific for the PLA,
pathway. To determine if this was a direct effect on PLA, activation we assayed its
activity in platelet cytosol fractions before and after 20 uM TRAP activation with or
without 1 uM Ro 44-9883 as shown in figure 10. Although the fold increase in PLA,
activity was variable between donors, there was no apparent effect of blocking
aggregation with Ro 44-9883 on the fold increase of PLA, activity in any of the
experiments. No significant difference is observed with or without 1 uM Ro 44-9883

pretreatment.
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Distribution of Cytosolic Phospholipase A, Between the Cytosol and Membrane

Distribution_of Phosphorylated cPLA,

To determine if Ro 44-9883 plays a role in the phosphorylation of cPLA, in
stimulated platelets by TRAP and how phosphorylated ¢PLA, is distributed, **P-labeled
cPLA, IPPT and gel-shift assays for phosphorylated cPLA, were carried out in 20 uM
TRAP-activated platelets without or with 1 uM Ro 44-9883 pretreatment and in control
platelets. The results from 3°P-labeled cPLA, IPPT (Figure 11) showed that
phosphorylation of cPLA, was markedly increased (10 fold increase quantified by
densitometry) in TRAP-stimulated total platelet samples. In cytosolic fractions
phosphorylation of cPLA, accounted for a part (40% - 50%) of the label observed in total
platelet extracts, while in membrane fractions no labeled phosphorylated cPLA, was
detected. By western blotting with anti-cPLA, Ab no cPLA, was detected in the post-
immuno-precipitation supernatant, showing that cPLA, was almost completely solubilized
from the membrane fraction by Triton X-100 and DNase I extraction. These ’results
suggested that Ro 44-9883 had no effect on the phosphorylation of cPLA, in total
stimulated platelet samples or the presence of phosphorylated cPLA,; in the cytosol. In
gel-shift assay, the phosphorylated cPLA, in TRAP-activated platelets (lane 2 & 4) over
control (lane 1 and 3) was shifted to a slower mobility relative to the unphosphorylated
cPLA, (Figure 12), which is clearly seen in unfractionated platelet. Additionally a trace
amount of shifted and presumably phosphorylated cPLA, in the membrane fraction can

be detected. This result suggests that the gel-shift assay may be more sensitive than **P-
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labeling phosphorylation and that a small amount of phosphorylated cPLA, may remain

associated with membrane fraction.

Effect of DNase I on Distribution of ¢cPLA,

To determine if cPLA, membrane association and redistribution was associated
with the platelet cytoskeleton, DNase I was used to depolymerize actin filaments in
conjunction with sonication to prepare the cytosolic fractions. The results from western
blotting for cPLA, distribution (Figure 13) showed that 20 uM TRAP increased the
amount of cPLA, in the cytosolic fractions. However, when TRAP-stimulated samples
were treated with DNase I, a considerably larger portion of cPLA, was released into the
cytosolic fractions. The increase of cPLA, in cytosol fraction by DNase I treatment was
statistically significant (P < 0.05). Ro 44-9883 does not have any significant effects on

the distribution of cPLA,.

In vitro Assays of Phospholipase A, Activity (+/- DNase I)

The results (Figure 14) showed that cPLA, activity was increased in 20 uM TRAP-
stimulated platelets with or without blocking aggregation by 1 uM Ro 44-9883. After
DNase I was added, cPLA, activity was increased nearly two fold in TRAP-stimulated
platelets but not in unstimulated platelets compared with no DNase I treatment. This
increase of cPLA, activity in the cytosolic fractions by DNase I treatment was consistent
with the increase in the amount of ¢cPLA, found in the cytosol fractions in DNase I

treated samples. Ro 44-9883 pre-treatment had no effect on the increased cPLA, activity
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in TRAP-stimulated platelets and in TRAP-stimulated, DNase I-treated platelets.

Difference in cPLA, activity between the samples with or without DNase I treatment was

significant (P < 0.05).

cPLA, Co-IPPT with Membrane Proteins

To demonstrate the possible association of cPLA, in unactivated and activated
platelets with transmembrane proteins, a variety of antibodies were used to
immunoprecipitate their corresponding membrane proteins. The samples from
immunoprecipitation were loaded on SDS-PAGE for separation, and the cPLA, was
detected with western blotting as described previously. These results (Figure 15A&B)
demonstrated that cPLA, was associated with a variety of membrane proteins. Panel A
shows that cPLA, was associated with GPIb and this association was not interrupted after
platelet samples were activated with TRAP without or with Ro 44-9883 pretreatment (lane
2 & 3), thrombin (lane 4) and unactivated (lane 1). In panel B, using unactivated platelet
membrane extracts, cPLA, was associated with CD9 (lane 1), B,-m (lane 2) and CD32
(lane 3), but not with CD62 (lane 4). Lane 5 is a negative control, and lane 6 is cPLA,
standard. In panel B the slight difference in migration of cPLA, among the sample lanes
might be a protein migration artifact, or might reflect a difference in phosphorylation of
cPLA, associated with the membrane proteins in the unactivated platelets. DNase I
treatment doesn't remove this coprecipitated cPLA, suggesting actin is not involved in this

association (data not shown).
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Effect of Ro 44-9883 on Tyrosine Phosphorylation

Tyrosine Kinase Activation

Tyrosine kinases have been implicated in platelet activation, and in particular
associated with GPIIb/IIla ligand binding and aggregation. To evaluate tyrosine
phosphorylation, total platelet proteins resolved on SDS-PAGE were western blotted with
anti-FAK antibody and then reprobed, following stripping of the membranes, with anti-
phosphotyrosine Ab. The results (Figure 16) showed the total amount of FAK in control,
20 uM TRAP-stimulated with or without 1 uM Ro 44-9883 pretreatment samples was
similar, and that Ro 44-9883 did not cause degradation of FAK in TRAP-stimulated total
platelet samples. Tyrosine phosphorylation of FAK in TRAP-stimulated platelets was
increased nearly three fold (quantitated by densitometry) compared with control samples,
but inhibition of aggregation by Ro 44-9883 totally abolished the increased tyrosine
phosphorylation of FAK induced by TRAP. This inhibition of FAK tyrosine
phosphorylation by Ro 44-9883 was not overcome by higher doses of TRAP (data not

shown).
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PART IV
DISCUSSION
GPIIb/IIla antagonists are likely to become useful tools to treat thrombotic
episodes in unstable angina (Theroux et al., 1994) and prevent restenosis of arteries

following angioplasty (Weller et al., 1994). To understand the in vivo effects of these

compounds it is important to evaluate any effects on the basal platelet state and on the
platelet responses to different agonists. This study revealed that Ro 44-9883 had no effect
on basal, or agonist-stimulated, levels of cytosolic calcium, cytosolic pH changes, protein
kinase C or myosin kinase activities.

Despite an apparent lack of effect on signal transduction, serotonin secretion in
response to a weak agonist, ADP, and low doses of TRAP, was severely curtailed by the
inhibition of aggregation induced by Ro 44-9883, and this correlated with reduced TxA,
production. The effect of blocking aggregation on weak agonists such ADP or
epinephrine in terms of reduced serotonin secretion and TxA, formation has been known
for several years. This inhibition has been attributed to a role of platelet aggregation
mediated by GPIIb/IIIa in promoting calcium influx (Lecompte et al., 1990; Ware et al,,
1991). However, the precise functional role of GPIIb/IIIa in stimulus response coupling
remains controversial. It has been suggested that the activated form of GPIIb/IIIa can act
as a calcium channel to elevate cytosolic calcium levels and initiate TxA, formation and
serotonin secretion induced by weak agonists such as ADP or epinephrine by several
study groups (Powling et al., 1985; Yamaguchi et al., 1990; Lecompte et al., 1990; Rybak

et al,, 1992). But in other studies the ability of ligand occupied GPIIb/IIIa to serve as
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a calcium channel has been disputed since reduced TxA, and serotonin secretion in

dysfunctional GPIIb/IIIa platelets does not correspond to reduced calcium flux (Lages et
al., 1994). More recent studies using inhibitory monoclonal antibodies to GPIIb/IIIa or
other potent inhibitors based on the RGDS sequence to block the fibrinogen binding site
also showed an inhibition of dense granule secretion in response to weak agonists without
specifically addressing the mechanism (Coller et al., 1983; Foster et al., 1994). In our
studies, the TxA, mimetic, U46619, at levels which completely overcome aspirin
inhibition of serotonin secretion, still did not induce full serotonin secretion when
aggregation was blocked by Ro 44-9883.

This study demonstrated that, in addition to TxA,, full secretion in the absence of
aggregation required LPA. A role for LPA in platelet activation was also suggested many
years ago (Gerrard et al., 1979). Originally LPA was suggested to have direct calcium
jonophore activity but more recent studies suggested a receptor-mediated activation
process (Watson et al., 1985). LPA, through a G-protein coupled receptor, leads to
activation of PLC and PLD pathways and inhibits adenylate cyclase to evoke its effects
(van der Bend et al, 1992). LPA formation has previously been reported to be
dependent on either platelet aggregation or calcium influx in a study using EGTA to block
aggregation (Watson et al., 1985; Eichholtz et al.,, 1993). However, the visualization
methods (charring or iodine vapor) we employed did not detect formation of LPA either
with or without aggregation. Neither did we observe any **P-labeled material co-incident
with the migration of pure LPA standard. This may reflect that LPA is formed in the

platelet from unlabeled pools or alternatively is not the major lysophospholipid species.
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In this connection it has been reported that PE or PC may serve as the primary sources
for released arachidonic acid (Kim et al., 1988). Whichever the endogenous species, our
findings suggest a more direct role of lysophospholipids in dense granule secretion
independent of calcium flux. ~ Since lysophospholipids are well known membrane
fusogenic agents we suggest this as a possible mechanism by which they promote dense-
granule secretion.

Our findings suggests a greater requirement for aggregation-dependent formation
of the products of the cPLA, pathway in dense-granule release. However, it was unclear
what role the aggregation-dependent cPLA, pathway plays since all of the signal
transduction parameters of regulating cPLA, activity, such as calcium flux and its
phosphorylation by kinase, appear to be unaltered by blocking aggregation.

Our results demonstrate that a lack of cPLA, activation in response to weak
agonists when aggregation was blocked by a GPIIb/IIIa inhibitor was not due to a direct
effect on the cPLA, since its activity in platelet cytosol (2-3 fold increase over controls)
was only slightly reduced. Platelet cPLA, was suggested to be mainly regulated by
cytosolic calcium flux and phosphorylation (Kramer et al., 1993). The kinases involved
are probably either PKC and /or mitogen-activated protein kinase (MAP kinase). Recent
studies suggest that calcium primarily functions in mediating lipid binding through a
calcium-dependent domain separate from the catalytic domain (Nalefski et al., 1994).
Studies using mutant G-protein o subunit transfected CHO continuous cell line presented
a complicated picture of cPLA, activation and release of arachidonic acid (Winitz et al.,

1994). That paper demonstrated major roles for both o; and PKC-mediated pathways
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independent of cytosolic calcium and MAP kinase activation of the cPLA,. The

inhibitory effect of mutated «; on release of arachidonic acid from membranes in situ was
overcome by direct PKC activation with phorbol ester. However, in our experiments,
phorbdl, 12-myristate, 13-acetate, (PMA) was not effective in reversing the inhibition of
serotonin release by Ro 44-9883, and endogenous activation of PKC by low dose of
TRAP was not inhibited by Ro 44-9883.

Papkoff et al. (1994) reported that blocking platelet aggregation by RGDS peptide
does not reduce the phosphorylation and activation of MAP kinase in thrombin stimulated
platelets. Since neither MAP kinase nor PKC require aggregation for their activation, this
could explain the lack of an effect by Ro 44-9883 on cPLA, phosphorylation.

We postulated that additional components regulating cPLA, activity could be
accessibility of cPLA, substrates or the interaction of cPLA, with the membrane or
cytoskeleton.

The function of platelet cytoskeleton in localizing signal molecules has been
suggested in recent years. That the membrane skeleton is also considered to be involved
in regulation of signaling events since tyrosine kinases such as pp60“™ and pp62°%,
found in association with membrane skeleton during platelet activation, have been
implicated in the tyrosine phosphorylation of some cytoskeletal proteins. (Fox et al,
1993). Phosphatidyliositol 3-kinase, PKC and p125¥%, translocated to cytoskeleton
following platelet aggregation, is also considered to be involved in regulating cytoskeleton

reorganization (Zhang et al., 1992). These observation may fit in with our findings which
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reveal a complex interaction of cPLA, with the unactivated and activated platelet

membrane and cytoskeleton.

Unactivated platelets have a major portion of cPLA, associated with the
membrane, which is not mediated by actin and calcium, and possibly mediated by
interaction through an unknown mechanism with several membrane proteins. In an
attempt to determine the association of the cPLA, in resting platelets with membrane
proteins, cPLA, co-IPPT with different antibodies such as against GPIb, CD9, f2-m,
CD32 and CD62 membrane proteins were carried out. The results demonstrated cPLA,
was associated with several surface membrane proteins such as GPIb, CD9, B2-m and
CD32 but not CD62. The possible explanation for no detectable cPLA, associated with
CD62, is that CD62, which 1s also called P-selectin, is expressed on the membranes of
o. granules in resting platelets, and only appears on the plﬁtelet surface following
stimulation and degranulation.

The redistribution of cPLA, occurring upon platelet activation is from a mostly
non-calcium based membrane association of cPLA, to a mostly free cytosolic cPLA, and
cytoskeletal actin based association of cPLA, since sonication in the presence of DNase
I (which depolymerizes actin by binding the actin monomer thus shifting the equilibrium
away from filamentous actin) releases considerably more cPLA, into the cytosol after
platelet activation. Even in the activated platelets a substantial amount of cPLA, remains

associated with the membrane even after sonication in the presence of DNase I. The

results from measuring cytosolic PLA, activity in vitro are consistent with these cPLA,

distribution assays plus or minus added DNase I. The more cPLA, in the cytosol, and
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the more PLA, activity is detected. Our results also do not agree with current published
hypotheses about cPLA, distribution, that all cPLA, exists in the cytosol, and only
associates with the membrane through calcium mediated binding.

The association of cPLA, with the membrane fraction platelets may have a
regulatory role in mediating its activation and/or interaction with the phospholipid
substrates on the membrane. This role could be either negative or positive. To determine
if the membrane-associated cPLA, was activated, its phosphorylation state relative to the
cytosolic cPLA, was determined. The results showed that 40%-50% of the
phosphorylated cPLA, is recovered in the cytosolic compartment indicating that either the
phosphorylation of c¢PLA, releases it from the membrane fraction or that only the
cytosolic ¢PLA, is available for phosphorylation. The results also suggest that the
membrane-associated cPLA, is not highly activated since phosphorylation has been shown
to upregulate cPLA, activity, and cPLA, in membrane fractions did not have any
detectable phosphorylation by *’P-labeling and only trace amounts by the gel shift assay.
Blocking aggregation by Ro 44-9883 did not effect the distribution of cPLA, or
phosphorylated cPLA, in TRAP-stimulated platelets.

A summary of our findings reveals a complex interaction of cPLA, with
cytoskeleton (see the diagram below). Our hypothesis is that a part of the cPLA, in
activated platelets is sequestered by membrane protein interaction and is partially released
during the actin and membrane protein rearrangements associated with activation.
Unactivated cPLA, is mostly associated with membrane, in non-calcium and non-actin

based association. Following platelet aggregation cPLA, is redistributed with a small part



of the cPLA, remaining in a non-calcium and non-actin based membrane association,

combined with a larger portion of free cytosolic cPLA, and actin filament associated
cPLA,. After platelet aggregation, the membrane proteins are reorganized into clusters,
which causes cPLA, substrates to be exposed and facilitates the interaction between
c¢PLA, and phospholipids. In the presence of calcium, activated cPLA, releases

arachidonic acid and lysophospholipids from the membrane phospholipids.

Unactivated Platelets Activated Platelets

T

Aggregated Platelets

<« fibrinogen

L phospholipids
- ___ membrane
proteins

AA - “— cytaskeleton
- LysoPLs b cPLA2
Ca++ C<«—— phosphorylated cPLA2

Schematic Diagram of cPLA, Distribution in Platelets
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Previous attempts have been made to study cPLA, redistribution following cellular
activation. Durstin et al. (1994) reported that a western blot analysis of cytosol and
membrane fractions (a similar approach as in our studies) indicated a translocation of
cPLA, to the membrane fraction during .neutrophil activation by growth factor and fMLP
peptide. This translocation was enhanced and sustained by pretreatment with growth
factor which activates MAP-kinase. Based on mobility shifts associated with ¢PLA,
phosphorylation, these authors suggested that the activated phosphorylated cPLA, was
translocated to the membrane. A more direct determination of cPLA, phosphorylation
state in the cytosol versus membrane compartments wasn't carried out, nor was the
percentage relative to total cPLA, determined.

Sa et al. (1995) recently reported that the results of cPLA, activity assay in vitro
and gel-shift assay for phosphorylated cPLA, indicated a translocation of activated
cPLA, to the membrane from the cytosol during endothelial cell activation by basic
fibroblast growth factor. The increased cPLA, activity and phosphorylated cPLA, in the
membrane fraction was correlated with decreases in the cytosol following stimulation, but
they also didn't determine the percentage relative to total cPLA,. They also demonstrated
cPLA, activation was upregulated by phosphorylation with MAP-kinase, and required
micromolar Ca*. So far no direct evidence has been presented to indicate subcellular
translocation of activated cPLA, in stimulated platelets.

The state of phospholipid ordering has been suggested to be a mechanism involved
in regulating intracellular activity of cPLA,. Many studies have supported the concept

that the activity of cPLA, against native and artificial membranes is sensitive to the
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phospholipid composition, added detergents, and method of native membrane preparation
(Nozawa et al.,1991). Our results reveal a possibility that the cPLA, activity in platelets
stimulated with a weak agonist may be dependent on aggregation which in turn may
regulate membrane phosbholipid availability through receptor redistribution. This must
be a selective process for cPLA, since the activity of PLC, reflected by IP, formation and
*?P-labeling of diacylglycerol to form phosphatidic acid, is unaffected by blocking
aggregation.

The only other facet of signal transduction that was affected by Ro 44-9883 was

SFAK with the nearly 3 fold increased over the controls

tyrosine phosphorylation of p12
after 6 minutes exposure to 20 uM TRAP, being completely abolished by blocking
aggregation. This was in agreement with previous findings (Haimovich et al., 1993;
Shattil et al., 1994) suggesting a requirement for both integrin receptor-mediated

5FAK tyrosine

aggregation or adhesion and agonist-mediated stimulation for increased p12
phosphorylation. The membrane reorganization caused by platelet aggregation is possibly
necessary for cPLA, substrates to be exposed. Tyrosine phosphorylation of p125¥4% may
be upstream or downstream regulation of cPLA, to release arachidonic acid and LPA.

Our experimental results suggest two hypotheses (see scheme below) for platelet
aggregation finally leading to FAK-tyrosine phosphorylation and the cPLA, activation.
In support of the second scheme, FAK tyrosine phosphorylation induced by LPA has been
confirmed in Swiss 3T3 cells ( Seufferlein et al. 1994). This may not fit in with the

results from platelets because the high doses of TRAP in the absence of aggregation still

causes TxA, formation, but not FAK tyrosine phosphorylation. Even addition of
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exogenous LPA did not restore FAK tyrosine phosphorylation in the absence of
aggregation in our experiments. Meanwhile the first scheme doesn't fit the results with
the high doses of TRAP since this overcomes the inhibition of TxA, production but not
FAKV tyrosine phosphorylation. However high doses of TRAP may bypass the
requirement for aggregation and FAK tyrosine phosphorylation, and directly affect the
membrane reorganization to facilitate cPLA, activation. The third possibility is not shown

that FAK tyrosine phosphorylation may not be related to cPLA, activation.

1) platelet FAK-tyrosine membrane
aggregation phosphorylation reorganization
phospholipids facilitating cPLA2
exposed activation
2) platelet cPLAZ2 releasing LPA required
aggregation — AA+LPA — for FAK-tyrosine
9 from phospholipids phosphaorylation

There is perhaps a physiological basis for such a dependency on aggregation for
generation of PLA, metabolites and dense granule secretion in response to weak agonists.
This would insure that only platelets recruited into the hemostatic plug will release dense
granule contents or form TxA, to promote further platelet recruitment to the growing
hemostatic plug. Such a mechanism would limit downstream platelet activation and

formation of emboli, as well as vasoconstriction.
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Figure 1. Effects of Ro 44-9883 on Aggregation and Serotonin Secretion. Platelet
aggregation (closed circles) and serotonin release (open circles) were determined in
triplicate aliquots of PRP pretreated for 3 minutes with the indicated concentration of Ro
44-9883 and then activated with 20 uM TRAP. After an additional 5 minutes continuous

stirring at 37°C, the triplicate samples were assayed as described in Methods for serotonin
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Figure 2. Effects of Ro 44-9883 on Serotonin Secretion in normal and GT platelets.
Triplicate separate aliquots of PRP (from normal donor and GT donor) were assayed at
the same day as described in Methods for serotonin secretion in response to 20 or 80 uM
TRAP either without pretreatment or with 3 minutes pretreatment with 1 uM Ro 44-9883,
with continuous stirring at 37°C (see figure insert for bar legend). Results are

representative of 3 different GT patients).
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Figure 3. Effects of Ro 44-9883 on IP, Formation. Gel-filtered platelets (0.5 ml
aliquots at 5 x 10°) were sampled at the indicated times after adding 20 uM TRAP either
without (circles) or with (squares) pretreatment with 1 uM Ro 44-9883. The IP, was
extracted and measured as described in Methods. Data from 4 separate experiments is
expressed as fold increase over basal levels (typically 0.91 + 0.02 pmol/10® platelets).
Data, with and without pretreatment, was fitted using SigmaPlot software to a single curve
(dashed line) using 3rd order regression with confidence intervals of 95% (dotted lines).

No significant difference is observed with or without 1 uM Ro 44-9883 pretreatment.
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Figure 4. Effects of Ro 44-9883 on *?P-Labeled Phosphatidic Acid Formation.
3?p_labeled GFP were activated with 20 uM TRAP for the indicated time points with
continuous stirring at 37°C either without (squares) or with (triangles) 1 uM Ro 44-9883.
Determinations were done for triplicate runs with the same platelets and the densitometry
of TLC autoradiography expressed as arbitrary peak area units. Data was fitted, as in
Figure 2, to a single curve (dashed line) with 3rd order regression and 95% confidence
limits (dotted lines). Data is representative of 3 separate experiments with different
donors. No significant difference is observed with or without 1 uM Ro 44-9883

pretreatment.
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Figure 5SA&B. Effects of Ro 44-9883 on Calcium and pH Responses. Gel-filtered
platelets labeled with the calcium indicator fura-2 (panel A) or the pH indicator BCECF
(panel B) were activated with continuous stirring at 37°C by 20 uM TRAP (addition
indicated by line labeled T) after the indicated pretreatment with nothing (top trace) or
1 uM Ro 44-9883 (bottom trace, addition indicated by line labeled R). Data shown is
representative of 4 different experiments with different donors. The horizontal line in
each panel indicates a 1 minute time period. In these experiments, basal [Ca]; was 67 +
5 nanomolar, peaking at 334 + 18 nanomolar. Cytosolic pH was not calibrated in these

experiments. No significant difference is observed with or without 1 uM Ro 44-9883

pretreatment.
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Figure 6A&B. Effects of Ro 44-9883 on *’P-Labeled Phosphorylation of Myosin Light
Chain and p47. **P-labeled GFP were activated with 20 uM TRAP without pretreatment
(circles) or pretreatment with 1 uM Ro 44-9883 (squares) at the indicated times. After
SDS-PAGE, phosphorylation of MLC (panel A) or p47 (panel B) was evaluated by
densitometry of autoradiography. Units are expressed as arbitrary peak areas
corresponding to MLC or p47. Similar data was obtained in 3 separate experiments with
different donors. Data was fitted, as in Figure 2, to a single curve (dashed line) with 3rd
order regression with 95% confidence limits (dotted lines). No significant difference is

observed with or without 1 uM Ro 44-9883 pretreatment.
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Figure 7. Effects of Ro 44-9883 on TxA, Formation. Platelet aggregation (closed
squares), serotonin release (closed triangles), and TxA, formation (open diamonds) were
determined in paired aliquots of PRP pretreated with the indicated concentration of Ro
44-9883 and then activated with 100 uM ADP. After an additional 5 minutes continuous
stirring at 37°C the paired samples were assayed for either serotonin release or TxA,.
Aggregation and secretion data are expressed without normalization to facilitate

comparison to TxA, formation.
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Figure 8. Effects of U46619 on the Inhibited Serotonin Secretion. PRP was not
pretreated (circles), or pretreated 3 minutes with 1 uM Ro 44-9883 (squares), or 10
minutes with 100 uM aspirin (triangles). Aliquots from these pretreated samples were
then activated with the indicated concentration of U46619 at 37°C with continuous stirring
for 5 minutes and serotonin secretion measured as described in Methods. Curves are

fitted using 4th order regression as previously described in figure 2.
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Figure 9. Both TxA, and LPA are Required to Overcome the Inhibitory Effects on
Serotonin Secretion. PRP pre-labeled with C-14 serotonin was activated at 37°C with
the indicated agonists, without (solid bars) or with (open bars) pretreatment with 1 uM
Ro 44-9883. The indicated combination of activators was added simultaneously as freshly
made mixtures and serotonin secretion determined on triplicate aliquots after 5 minutes
continuous stirring. Data shown is from a single experiment representative of 4 different
donors. Inhibition by Ro 44-9883 is significant (p < 0.05) for all agonists except for the

last combination of ADP, arachidonic acid (AA), and LPA.
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Figure 10. In Vitro Assays of Phospholipase A, Activity. Aliquots of GFP were not
activated (bar labeled-Control), activated with 20 uM TRAP (bar labeled-TRAP), or
pretreated with 1 uM Ro 44-9883 before activation with 20 uM TRAP (bar labeled-Ro
44-9883 + TRAP). Cytosolic PLA, activity was determined as described in Methods.
Released '“C arachidonic acid CPM was determined on triplicate assay samples by
scintillation counting. We have verified a linear release of label from these samples over

this time course. This is a representative result from 4 different donors showing no

]

significant effect of 1 uM Ro 44-9883.
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Figure 11. *P-Labeled cPLA, IPPT for Phosphorylated cPLA,. **P-labeled GFP were
activated with 20 uM TRAP without (lane 2 & 5) or with 1 uM Ro 44-9883 pretreatment
(lane 3 & 6). Lane 1 and 4 were controls. The samples of unfractionated (lane 1, 2 &
3), cytosol fractions (lane 4, 5 & 6) and membrane fractions (not shown) were mixed with
Triton X-100 extraction buffer with protease and phosphatase inhibitors as described in
Methods. The soluble extracts obtained by centrifugation were incubated with rabbit anti-
cPLA, antibody. Immune complexes collected by protein A-sepharose were subject to
SDS-PAGE and autoradiograms. The membrane fractions did not show any detectable

phosphorylation of cPLA,. Results shown are representative of 3 different donors.
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Figure 12. Gel-Shift Assay for Phosphorylated ¢cPLA,. Equal aliquots of GFP were
activated with 20 uM TRAP (lane 2 & 4). Lane 1 and 3 were controls. The protein
samples of unfractionated (labeled total), and membrane fractions (labeled membrane)
were subjected to 10% SDS-PAGE and then immunoblotted with rabbit anti-cPLA,, and

cPLA, was detected by the ECL Kit.

66




cPLA; in the Cytosolic Fraction

90 - (1 - DNase
80 - I + DNase |
CYTOSOLIC PLAZ2 70

Percent of Total PLA,

-DNase | +DNase | 60 1

50 -
——— — R -—— S

it 2 3 4 S5 6 totals 40 4 -
30 A
20 A
10_ l—]l
0

:

Conlrol
Control
TRAP
Ro+TRAP
Ro+TRAP

Figure 13. Effect of DNase I on Distribution of ¢cPLA, Equal aliquots of GFP were
activated with 20 uM TRAP for 6 minutes (TRAP, lanes 2 & 5), or pretreated with 1 uM
Ro 44-9883 before activation with 20 uM TRAP (Ro + TRAP, lanes 3 & 6). Lane 1 and
4 were controls. Before samples were lysed by sonication, the protease and phosphatase
inhibiting buffer (described in Material and Methods) without or with 1 mg/ml DNase I
was added. The unfractionated and cytosolic fraction samples were denatured and
reduced (see Material and Methods), run on SDS-PAGE, and immunoblotted with rabbit
anti-cPLA,. cPLA, was detected by the ECL system and quantitated by densitometry.
Similar data was obtained in three independent experiments with different donors. The
increase of cPLA, in TRAP-stimulated platelets with DNase I treatment over that without

DNAase I treatment is statistically significant (P < 0.05).
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Figure 14. In Vitro Assays of Phospholipase A, Activity (+/- DNase I). Equal aliquots
of GFP were not activated (labeled-control), or activated with 20 uM TRAP for 6 minutes
(labeled-TRAP), or pretreated with 1 uM Ro 44-9883 before activation with 20 uM TRAP
(labeled-Ro + TRAP). Cytosolic fractions were treated with or without 1 mg/ml DNase
I, and cytosolic PLA, activity assays were carried out as described in Materials and
Methods. Similar data was obtained in three independent experiments with different

donors. 1 mg/ml DNase I significantly increased PLA, activity in stimulated samples (P

< 0.05), but not in controls.
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Figure 15A&B. cPLA, Co-IPPT with Membrane Proteins. In panel A equal aliquots
of GFP (1 ml) were activated by TRAP with or without Ro 44-9883 preadded (lane 2 &
3), thrombin (lane 4), and unactivated (lane 1) for ¢cPLA, co-IPPT with anti-GPIb
antibody. In panel B equal aliquots of GFP (1.5 ml) was unactivated for cPLA, co-IPPT
with other different anti-membrane antibodies. The membrane fractions from aliquots of
GFP were prepared. Following treatment with 1% Triton X-100 buffer, the sample was
then ultracentrifuged to remove insolubles. The extracts were separately incubated with
GPIb mAb in panel A, and in panel B CD9 mAb (lane 1), B,-microglobulin mAb (lane
2), CD32 mAb (lane 3), CD62 mAbD (lane 4), and murine IgG2a as a control (lane 5).
Immune complexes were collected and loaded on SDS-PAGE (lane 7, cPLA, standard),

and a western blot with rabbit anti-cPLA, was performed.

69




Effect of Ro 44-9883 an
Tyrosine Phosphurylatian of FAK

Lanti-raw | [ 2aticpyzy s

wWemesr

2 3 .
- 3

Figure 16. Effect of Ro 44-9883 on Tyrosine Phosphorylation of Focal Adhesion
Kinase. Equal aliquots of GFP were activated with 20 uM TRAP for 6 minutes (lanes
2), or pretreated with 1 uM Ro 44-9883 before activation with 20 uM TRAP (lanes 3).
Lane 1 was controls. Before samples were lysed by sonication, the buffer (described in
Material and Methods) was added. The total platelet samples denatured by reducing
denature solution (see Material and Methods) were run on SDS-PAGE and immunoblotted
with anti-FAK and anti-phosphotyrosine (PY20) monoclonal antibodies separately. The
protein, FAK and tyrosine phosphorylated FAK were detected by the ECL system.

Similar data was obtained in three independent experiments with different donors.
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