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the localization of GPIbα on platelets is heterogeneous.5 Plate-
lets expressing GPIbα circulate, ready to bind to VWF.6,7

Initial adhesion of platelets is regulated by the function of 
the vessel wall. Various stimulatory factors, such as oxidative 
stress, induce translocation of VWF from inside the endothe-
lial cells to the intravascular wall of the cells.4 Recent investi-
gation revealed the important regulatory role of the autophagy 
system in the translocation of VWF to the outside of endothe-
lial cells.8 It is of note that binding of VWF and GPIbα gener-
ates enough power for platelets to stick to the vascular wall, 
even against strong detaching forces, with only a small num-
ber of involved molecules.9–11

For stable adhesion of platelets, even in the initial phase, 
another membrane protein, GPIIb/IIIa, is involved, but the 
essential role of GPIbα cannot be replaced by GPIIb/IIIa even 
after full activation of platelets.12 Of note, the addition of anti-
GPIIb/IIIa in flowing blood makes platelet thrombi unstable, 
suggesting complementary roles of GPIbα and activated 
GPIIb/IIIa in stable platelet adhesion under blood flow condi-
tions (Figure 3).13 Various other stimulation receptors and 
signals might also play roles in initial platelet adhesion,7,14–20 
but the details are still to be elucidated.

Regulation of Vascular Homeostasis by Platelets
Initial Adhesion on Functionally or Physically Damaged 
Endothelium
In the microcirculation, large and heavy cells such as erythro-
cytes circulate in the center of the blood vessel, whereas plate-
lets, with their relatively small diameter (2–5 μm) circulate near 
the vascular wall (Figure 1).1,2 Platelets do not have nuclei but 
contain various organelles, including mitochondria, Golgi 
apparatus, and endoplasmic reticulum.3 Of note, an open cana-
licular system is a platelet-specific micro-organ, which plays an 
important role in activation-related release of vasoactive sub-
stances such as von Willebrand factor (VWF) and fibrinogen.

In the physiological setting, the vessel walls are covered by 
endothelial cells with antithrombotic characteristics. Upon 
stimulation of endothelial cells (eg, oxidative stress) or their 
physical disruption, the thrombogenic matrix, which includes 
VWF, is exposed directly to the blood circulation (our pro-
posed model is shown in Figure 2). The platelets immediately 
adhere to the exposed VWF through interaction with a platelet 
membrane protein, glycoprotein (GP) Ibα (Figure 2B).4 As 
reported previously, and simply summarized in Figure 2C, 

Received February 15, 2015; revised manuscript received July 22, 2015; accepted August 2, 2015; released online August 17, 2015
Department of Medicine (Cardiology), Tokai University School of Medicine, Isehara (S.G.); Department of Metabolic Disease Research 

Center, Tokai University Graduate School of Medicine, Isehara (S.G.); Department of Radiology, Tokai University Hachioji Hospital, 
Tokai University School of Medicine, Tokyo (T.H.); and Graduate School of Engineering, The University of Tokyo, Tokyo (S.T.), Japan

Mailing address:  Shinya Goto, MD, PhD, Professor of Medicine, Tokai University School of Medicine, 143 Shimokasuya, Isehara 
259-1193, Japan.    E-mail: sgot03@mac.com

ISSN-1346-9843    doi: 10.1253/circj.CJ-14-1434
All rights are reserved to the Japanese Circulation Society. For permissions, please e-mail: cj@j-circ.or.jp

Platelets: Small in Size But Essential in the Regulation of  
Vascular Homeostasis
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Platelets are small blood cells that adhere to the site of vessel injury where von Willebrand factor (VWF) is 
expressed. Platelets bind to VWF through interaction with a membrane protein, glycoprotein (GP) Ibα. Next, the 
accumulated platelets are activated to change their morphological and biochemical characteristics. Various vasoac-
tive substances, such as immune-regulatory CD40 ligand, are released locally from activated platelet cells to main-
tain homeostasis of the vascular system. Major roles played by platelets in the regulation of hemostasis and 
thrombus formation include local activation of the coagulation cascade. Translocation of negatively charged phos-
pholipids to the surface of activated platelets helps in the formation of prothrombinase complex, which efficiently 
produces thrombin. Thrombin produces fibrin around the activated platelets and further activates the platelets 
through thrombin receptor stimulation. Of the various platelet-stimulating receptors and activation signals, cyclo-
oxygenase-1, P2Y12 adenosine 5’-diphosphate receptor, and thrombin receptor (protease activated receptor)-1 
blockers are used clinically as antiplatelet agents. In the future, precise understanding of the quantitative contribution 
of platelet function in hemostasis and pathological thrombus formation should lead to the development of effective 
antithrombotic agents without increasing the risk of serious bleeding complications.    (Circ J  2015; 79: 1871 – 1881)
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Local Release of Bioactive Substances From “Activated” 
Platelets
Platelets contain various vasoactive substances in storage 
granules such as α- and dense-granules.3,21–23 Upon activation, 
platelets change their shape to release their contents. In other 
words, platelets act as a local source of vascular regulatory 
substances, including CD40 ligand,21 serotonin,19 adenosine 
5’-diphosphate (ADP),24 VWF,25,26 fibrinogen and so on.

VWF plays an essential role in capturing platelets at the site 
of endothelial damage.6,7 Soluble VWF also contributes to the 
initial adhesion process.25,27 In the clinical setting, the plasma 
concentration of VWF in acute myocardial infarction (MI) is 
reported to be 2-fold higher than in healthy volunteers.25,26 
High plasma concentrations of VWF are reported also in patients 
with heart failure.28,29 It is important to note that approxi-
mately 20% of plasma VWF is released from platelets/mega-
karyocytes, and the rest originates from vascular endothelial 
cells.7 VWF released from activated platelets may play a role 
in the “positive feedback” of platelet activation.30–32 The exact 
effect of locally released VWF on the onset of thrombotic 
events is still to be elucidated.

There are several other potential positive feedback mecha-
nisms mediated by activation-dependent release of bioactive 
substances from platelets. Of them, an ADP-mediated mecha-
nism is of particular importance because antiplatelet agents 
commonly used in clinical practice33–40 block ADP receptors, 
namely P2Y12.24,41 Initial platelet thrombi become unstable 

Figure 1.    Platelets in the microcirculation. Relatively large 
and heavy cell such as erythrocytes circulate in the center of 
blood vessels, whereas smaller cells such as platelets flow in 
the periphery where the velocity is relatively slow compared 
with the center of blood flow.

Figure 2.    Proposed model of platelet adhesion regulated by endothelial cells (EC) and blood flow. Thrombogenic subendothelial 
matrix containing von Willebrand factor (VWF) is not exposed in the healthy human (A). Injury to the ECs causes VWF to be 
exposed to the blood flow, and immediately circulating platelets are captured (B). Heterogeneous localization of GPIbα5 (C) on 
the platelet cell membrane is thought to assist in the binding of GPIbα to VWF as the platelets roll across the ECs under blood flow 
conditions.
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in the progression of atherosclerosis.45 At that time, Ross pro-
vided us with the notion that platelet-derived growth factor 
(PDGF) should play an important role in atherosclerosis by 
inducing proliferation of intimal cells. Indeed, PDGF was 
shown to be present not only in platelets but also in various 
other cells. Later, the main focus shifted to the concept that 
“atherosclerosis is a kind of inflammation.”46,47

Platelets have a regulatory role in controlling local inflam-
mation and immunity. First, surface translocation of P-selectin 
occurs upon activation of platelets.22 P-selectin captures leu-
kocytes from flowing blood to regulate local inflammation.22 
Platelet-leukocytes aggregates often increase in thrombotic 
diseases, but the pathophysiological roles of these aggregates 
are not yet clarified.48,49

Platelets contain various immunoregulatory proteins. Of 
them, CD40 ligand is important for regulating production of 
antibodies from B cells.50 Platelets are one of the major 
sources of CD40 ligand. We have shown surface translocation 
of CD40 ligand on activated platelets, in addition to local 
release of its soluble form.21 We have also shown that acti-
vated platelets release undetermined proteins (not CD40 ligand), 
inducing maturation of dendritic cells with specific character-
istics.23 The exact understanding of the relationship between 
platelet activation and local regulation of inflammation, 
immunity and progression of atherosclerosis is still a future 
target of research.

Local Regulation of Coagulation by Platelet Cells
The close link between platelet activation and the coagulation 
cascade was demonstrated by colocalization of platelet and 
fibrin in human coronary arterial thrombi causing acute MI.51–53 

when P2Y12 receptors are blocked by specific antagonists14,24 
or in patients deficient in this specific receptor.16

We have proposed a model of ADP release from platelets 
upon activation (Figure 4) (http://www.kurims.kyoto-u.ac.
jp/~kyodo/kokyuroku/contents/pdf/1752–08.pdf). In our model, 
we implemented the function of platelet activation induced by 
VWF. Once the activating signaling(s) reaches the dense-
granules, degradation of ADP/ATP to the open canalicular 
system starts (Figure 4, Movie S1).

In addition to extracellular release by degranulation of α- 
and dense-granules, shedding of the platelet membrane upon 
activation also plays a role in local release of bioactive sub-
stances from platelets.42 Indeed, platelet membrane-derived 
microparticles may play essentially important roles in regulat-
ing vascular homeostasis. The bioactive substances released 
as microparticles are stable in plasma because they are sur-
rounded by lipid bi-layers. These platelet-derived micropar-
ticles accelerate local “coagulation” by providing negatively 
charged phospholipid.24,42,43 Unlike substances released with-
out lipid layers, platelet-derived microparticles may contain 
more than 1 molecule in each of them. If the microparticles 
contain both CD40 ligand and P-selectin, these particles effi-
ciently regulate the functions of leukocytes because of the 
additive function of both proteins.21–23 Microparticles may also 
bring RNA from platelets to other cells.44 The vascular regula-
tory mechanism of platelets through release of microparticles 
is an important research topic for the future.

Local Regulation of Inflammation and Immune System by 
Platelets
Ross previously suggested the crucial role played by platelets 

Figure 3.    Mechanism of platelet thrombus formation under arterial blood flow conditions. Once platelets have adhered to von 
Willebrand factor (VWF) expressed at site of vessel damage through binding with GPIbα, they become activated. Activated plate-
lets change their shape, change the conformation of membrane protein GPIIb/IIIa, translocate functional proteins such as 
P-selectin, and release various vasoactive substances and microparticles. VWF expressed or bound on the surface of activated 
platelets also captures circulating platelets, thereby growing in a three-dimensional manner. Various receptors on platelets play 
important roles in stabilizing platelet adhesion and thrombus growth.
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Role of Platelets in the Onset of Various  
Thrombotic Diseases and Their Control by  

Antiplatelet Therapy
Role of Platelets in the Onset of Atherothrombosis
Arterial thrombotic disease, such as MI and ischemic stroke, 
occurs more in patients with atherosclerotic vascular disease 
than in those who only have risk factors.60 Though the symp-
toms differ, there is much homogeneity among the risk fac-
tors, accompanying diseases and pathophysiology of MI and 
ischemic stroke.61 These arterial thromboses occurring in 
patients with atherosclerotic vascular disease are often termed 
“atherothrombosis.”62

It is important to separate “atherosclerosis” and “athero-
thrombosis” because in the majority of cases “atherosclerosis” 
is asymptomatic whereas ischemic organ symptoms occur in 
patients with “atherothrombosis.” Indeed, atherosclerotic 
endothelial injuries play an important role in the initiation of 
“atherothrombotic events”, just like in the animal models.4 
Various factors then play additive roles in the process of 
propagation of thrombi.30,63

The same concept was shown for ischemic stroke in patients 
with atrial fibrillation (AF) and thrombotic emboli occluding 
the cerebral artery.54 In an animal model, Falati et al clearly 
demonstrated simultaneous formation of fibrin and platelet 
thrombi at sites of endothelial injury.55

From in vitro experiments, shortening of blood clotting 
time in the presence of activated platelets was recognized as 
“platelet-derived procoagulant activity.”56 Surface expression 
of negatively charged phospholipid, as well as microparticle 
release, is a potential reason for the shortening caorin-induced 
clotting time in the presence of activated platelets.43 Local 
generation of thrombin on platelet thrombi formed on collagen 
fibrils was also demonstrated previously to support the close 
link between platelet and coagulation.57

There are several thrombin receptors on the surface of 
platelets.58 These thrombin receptors are efficiently activated 
by locally generated thrombin and further activate the plate-
let.30 Thus, the positive feedback between platelets and the 
coagulation cascade is important to generate large enough 
thrombi to cause organ ischemic symptoms.30,51,52,59

Figure 4.    Calculation model of adenosine 5’-diphosphate (ADP) release initiated from focal activation of a platelet interacting with 
von Willebrand factor (VWF). The concept of focal and segmental activation of platelets from the site of GPIbα molecules binding 
with VWF was published previously.10 We have developed a computer model of ADP release from a virtual platelet cell (resting 
platelet shown in panel 1) composed initially of platelet membrane (illustrated as A) and dense granule (B), implementing the 
function of (1) focal and segmental activation induced by focal GPIbα interaction with VWF, (2) local generation of material(s) 
mediating intracellular activating signals (illustrated as C) shown in panel 2, (3) cell-wide spread of the material(s) by diffusion 
(panels 2–4), (4) intracellular localization of dense granules stocking ATP/ADP (panel 1), (5) degranulation of ATP/ADP (illustrated 
as D) to the open canalicular system when activation signaling reaches the dense granule (panel 4), (5) intracellular transport of 
ATP/ADP through the open canalicular system (panels 4–6), (6) extracellular release of ATP/ADP from the open canalicular system, 
(7) extracellular diffusion of ATP/ADP (panels 5,6 illustrated as E). See also Movie S1.
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patients with functionally damaged endothelium, in older 
patients, and those with hypertension, heart failure and diabe-
tes supported the idea (Figure 5).86–88 Figure 5 help us to 
understand the relationship between risk factors, endothelial 
dysfunction in the whole body, and thrombus formation at 
sites of blood stasis.1 In the healthy human without exposure 
to risk factors (Upper panel, Figure 5), circulating platelets 
are in a quiescent state because the risk of thrombus formation 
at sites of blood stasis is low. However, in patients exposed to 
various risk factors, circulating platelets are partially acti-
vated1,89 and contribute to increased fibrin formation at sites of 
blood stasis. The model shown in Figure 5 is speculative, but 
is supported by clinical experience of high event risk in 
patients exposed to various risk factors.

It is of note that the results of clinical trials do not provide 
the best therapy for individual patients. Indeed, there are many 
clinical studies showing conflicting results; for example, aspi-
rin reduces ischemic stroke even in patients with AF;82 only 
bleeding harm without clear benefit was shown for aspirin in 
patients with AF;90 aspirin prevented secondary venous throm-
bosis;83 and showed no benefit for prevention of recurrence of 
venous thromboembolism.75 It is fair to state that the clinical 
evidence for antiplatelet agents preventing venous thrombosis 
is weaker than that for their role in arterial thrombosis.

Antiplatelet Therapy:  
Basic Science and Clinical Experience

Aspirin
There are many receptors and activation signaling in platelets 
(Figure 6).13,14,24,34,43,72,91,92 Some of them have been tested as 
antiplatelet drugs and currently, a few are clinically available 
as antiplatelet agents. Of these, aspirin is the most widely used 
in clinical practice,61 especially in the secondary prevention 
of MI.65 Aspirin inhibits the function of cyclo-oxygenase 
(COX)-1 by its acetylation.65 The process from COX-1 inhibi-
tion to prevention of vascular events has yet to be clarified.

The potential important roles played by platelets in the onset 
of atherothrombosis are based mainly on clinical evidence. 
Indeed, several clinical trials and their meta-analyses have 
demonstrated the efficacy of antiplatelet agents, represented 
by aspirin, for the prevention of cardiovascular death in patients 
with acute MI,64 for secondary prevention of MI in various 
clinical settings,65 and for prevention of ischemic stroke.65,66 
Though one might argue that aspirin affects not only platelets 
but also the function of other cells, pure antiplatelet agents 
such as P2Y12 inhibitors,38,39,67 GPIIb/IIIa inhibitors68 and 
thrombin receptor (protease activated receptor: PAR)-1 inhib-
itors,58,69–73 also prevent “atherothrombotic events.” Thus, the 
notion that “platelets play an important role in the onset of 
atherothrombosis” is strongly supported.7

Role of Platelets in the Onset of Venous Thrombosis
Similar to atherothrombosis, there is much clinical evidence 
demonstrating preventive effects of aspirin for the onset and 
recurrence of venous thrombosis.74–76 After clinical develop-
ment of orally available antithrombin and anti-Xa,31,32,77–81 there 
was active promotion of the concept that “anticoagulant but 
not antiplatelet agents are effective for prevention of venous 
thrombotic events.” However, the previously shown results 
with aspirin in preventing so-called “venous thrombosis”, 
including stroke in patients with AF82 and recurrence of venous 
thrombo-embolism,83 should not be forgotten. Though warfa-
rin prevents stroke more efficiently, the antiplatelet agent 
clopidogrel in addition to aspirin has been shown to reduce 
thrombotic cardiovascular events and stroke in AF patients.84 
These clinical findings support the notion that platelets play an 
important role even in so-called “venous thrombosis.”

In a pathological study, both platelets and fibrin were found 
in thrombi causing deep venous thrombosis85 and in cardio-
embolic thrombi in patients with AF.54 It is still just specula-
tion, but most likely the activated platelets are an important 
initiator for coagulation at the site of blood stasis. The clinical 
finding that the risk of venous thrombotic events increases in 

Figure 5.    Potential role of platelets in 
the onset of venous thrombosis. (Upper) 
Systemic circulation of non-activated 
quiescent platelets in the healthy human 
without endothelial dysfunction. (Lower) 
Circulation in patients with various risk 
factors such as hypertension, diabetes, 
etc. Platelets are activated during cir-
culation and blood containing partially 
or fully activated platelets flow into sites 
of blood stasis. At sites of similar blood 
stasis, the risk of thrombotic events is 
much higher when procoagulant (ie, 
activated) platelets are present.
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Japan might be one reason for the even lower incidence of 
thrombotic CV events in this country.103,104

Clopidogrel and Other P2Y12 ADP Receptor Inhibitors
There is now enough clinical evidence for the use of clopido-
grel as the established standard of care in patients with acute 
coronary syndrome (ACS).36,38,39 It is histologically interesting 
to know that clopidogrel has been widely used in clinical 
practice for years33 based mostly on clinical evidence67 with-
out understanding even its pharmacological target molecule(s). 
The target of active metabolite(s) of clopidogrel, namely the 
P2Y12 ADP receptor, was cloned lately.41 Even now, the exact 
role of P2Y12 receptor stimulation in the process of pathologi-
cal thrombus formation is to be elucidated.16,24,91,105–107 There 
still is ongoing discussion on how can we modify the P2Y12 
receptor by drug intervention to achieve the best balance 
between antithrombotic effects and increased risk of serious 
bleeding.107–109

New P2Y12 inhibitors (prasugrel and ticagrelor38–40) were 
developed recently. Appropriate selection of the most suitable 
drug for a suitable patient population is an ongoing discus-
sion.36,37

Thrombin Receptor Antagonists and Anticoagulants
As shown in Figure 7, platelets interact very closely with the 
coagulation cascade. Thrombin generated on the surface of 
activated platelets converts water-soluble fibrinogen to insol-
uble fibrin. Thrombin also activates platelets through thrombin 

The use of aspirin, however, is relatively low in Japan as 
compared with other regions of the world, even in patients 
with or at high risk of atherothrombosis.93 One potential rea-
son is a higher incidence of upper gastric injuries induced by 
the use of aspirin in Japanese patients.94 Indeed, reversible 
injury of the upper gastric tract is quite common in Japanese 
patients treated with low-dose (100 mg/day) aspirin.95 A pro-
spective registry of Japanese patients taking daily aspirin96 
demonstrated that 6.5% of gastroduodenal ulcers and 29.2% 
of gastro-enteric erosions, respectively, were detected in 1,454 
stable outpatients receiving aspirin for cardioprotective pur-
poses.97 Proton-pump inhibitors (PPI) are effective in preven-
tion of aspirin-induced gastroduodenal injury,98 but regular 
use of PPI is recommended only for high-risk patients.99

Of note, a recent international prospective registry of patients 
with or at risk of atherothrombosis revealed a lower incidence 
of serious bleeding events in patients from Japan as compared 
with other regions of the world.62,93 One potential explanation 
is the relatively lower use and lower doses of aspirin in 
Japanese patients. High prevalence of cerebrovascular disease 
in Japanese patients93,100,101 might also be a potential reason for 
lower use of aspirin in Japan as compared with other regions 
of the world.65,102

It is interesting to note that there are several publications 
suggesting the effect of serious bleeding complications for the 
onset of subsequent thrombotic events in near future.79,88 Thus, 
careful protection from serious bleeding by strict selection of 
suitable patients for antithrombotic intervention achieved in 

Figure 6.    Targets of antiplatelet therapy. Platelets express various stimulation receptors, which intiate various intracellular signal-
ing pathways. The most widely used antiplatelet agent, aspirin, inhibits the production of thrombogenic thromboxane A2. Platelet 
aggregation is mediated exclusively by activated GPIIb/IIIa binding to the plasma ligand of fibrinogen/VWF under low shear flow 
conditions. Anti-GPIIb/IIIa is used to prevent of post-PCI complications in many countries except for Japan. P2Y12 adenosine 
5’-diphosphate (ADP) receptor antagonists include ticlopidine, clopidogrel, prasugrel and ticagrelor. In Japan and East Asian 
countries, cilostazol (phosphodiesterase-3 [PDE-3] inhibitor) is widely used as an antiplatelet agent. The collagen receptor of GPVI 
plays an important role in platelet activation, so GPVI is a potential target of antiplatelet therapy. The serotonin inhibitor, salpo-
grelate, is used as an antiplatelet agent in Japan. It is known that the catecholamine receptor (α2-receptor) plays an important role 
in potentiating platelet activation and aggregation induced by other stimuli. Of the thrombin receptors, protease activated recep-
tor (PAR)-1 antagonist is now available in the USA. P-selectin inhibitor and thromboxane (Tx)-A2 inhibitors have also been tested 
as antiplatelet agents.
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PAR-1 inhibitors; that is, patients with prior MI.119 Even in 
prior MI patients, those with diabetes were shown to be the 
most appropriate patient population for vorapaxar.59 The clin-
ical development of vorapaxar and the assessment of the data 
by the US regulatory authority120 give us a clue to the selection 
of suitable small populations of patients for new drug inter-
ventions within the database of large-scale global trials in the 
future.103

Because thrombin generated on the surface of activated 
platelets plays a role in the activation of platelets through 
thrombin receptor stimulation, all agents inhibiting the coagu-
lation cascade have the ability to inhibit platelet activation. 
Indeed, the old oral anticoagulant, warfarin, demonstrated 
better efficacy in preventing arterial thrombotic disease after 
MI.121 Of the thrombotic events, thrombotic occlusion of cor-
onary arteries after implantation of coronary stents was previ-
ously believed to be prevented only by antiplatelet therapy 
including P2Y12 antagonists.122 Of the clinical trials applying 
newly developed direct oral anticoagulants (antithrombin and 
anti-Xa) for patients with ACS, the Anti-Xa Therapy to Lower 
Cardiovascular Events in Addition to Standard Therapy in 
Subjects with Acute Coronary Syndrome-Thrombolysis in 
Myocardial Infarction 46 (ATLAS-TIMI 46) is important 
because a reduction of “stent thrombosis” with the addition of 
anticoagulant (anti-Xa) was demonstrated in this trial.123,124 
Scientifically, this finding is important because it is the first 
demonstration that oral anticoagulants have the potential to 
reduce “stent thrombosis.”123,124 However, it is also important 
to realize that this study, along with other similar studies, 
taught us that the risk of serious bleeding complication increases 
with the addition of anticoagulant to standard antiplatelet 
therapy.123,125

receptor stimulation. Of the thrombin receptors, PAR-1 has 
unique catalytic characteristics and plays an important role in 
platelet activation in humans.58,110,111 Before going into phase 
III clinical development, the safety of a few PAR-1 inhibitors 
was tested in various clinical settings.69,70,112–116 One of them, 
vorapaxar, was tested in large-scale phase III clinical trials. 
The trial testing the efficacy and safety of vorapaxar in ACS 
patients (the Thrombin Receptor Antagonist for Clinical Event 
Reduction in Acute Coronary Syndrome: TRACER trial) was 
stopped early because of an excess of serious bleeding events 
in the vorapaxar arm.117 In those patients, the standard of care 
includes dual antiplatelet therapy (aspirin and clopidogrel). 
The addition of a third antiplatelet agent in this patient popula-
tion was proven to be difficult. Theoretically, ACS is a suit-
able candidate for thrombin receptor antagonists to stop local 
positive feedback between platelets and coagulation. But there 
is little margin for error when adding another antiplatelet agent 
to the therapy for this patient population.

In another clinical trial, the efficacy and safety of the addi-
tion of vorapaxar in preventing cardiovascular events was 
tested in the “secondary prevention” cohort in the Thrombin 
Receptor Antagonist in Secondary Prevention of Athero-
thrombotic Ischemic Events (TRA 2P)-Thrombolysis in Myo-
cardial Infarction (TIMI) 50 trial.59 Of the patients included in 
this trial, 94% were treated by aspirin. This trial brought 
interesting results. First of all, it demonstrated heterogeneity 
within the “secondary prevention cohort” with regard to the 
safety and efficacy of a PAR-1 inhibitor. In patients with cere-
brovascular disease, the trial was stopped early because of 
more cases of bleeding than of those showing the expected 
benefit.73,118 The trial was conducted with the rest of the 
patient population. Though the overall results were positive, 
there is a subpopulation of patients who get more benefit with 

Figure 7.    Inter-relationship of platelets and the coagulation cascade. In vitro, platelets and the coagulation cascade act indepen-
dently, but in vivo activated platelets have procoagulant activity that initiates the coagulation cascade, and thrombin generated 
by activation of coagulation propagates activation of platelets through thrombin receptor stimulation. Thus, antiplatelet agents 
must have an ability to inhibit activation of coagulation and the same is true for anticoagulant agents to have potential antiplatelet 
activity.
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Anti-GPIIb/IIIa Agents
Experience with the clinical development of GPIIb/IIIa antag-
onists brought a lot of important insights into platelet and 
thrombotic events. GPIIb/IIIa is known to be an exclusively 
platelet membrane protein that mediates platelet aggregation. 
With the use of anti-GPIIb/IIIa agents, platelet aggregation can 
be blocked. Many platelet specialists supposed a relationship 
between “platelet aggregation” and “thrombotic events.” It is 
natural that many relevant people (not only scientists and 
physicians, but also people working for pharmaceutical indus-
tries) had a strong expectation for anti-GPIIb/IIIa agents to 
block platelet aggregation and prevent thrombotic events.

Initial experience with the intravenous GPIIb/IIIa antago-
nist, abciximab (Fab fragment of humanized anti-GPIIb/IIIa 
antibody), revealed that thrombotic complications after coro-
nary intervention could be prevented by this agent.126 Other 
intravenous GPIIb/IIIa inhibitors demonstrated similar effi-
cacy.68,127 However, serious and unpredicted bleeding compli-
cations, such as alveolar hemorrhage, were also noted later.128 
In Japan, anti-GPIIb/IIIa is not registered because a mid-sized 
Japan stand-alone trial did not show efficacy, but suggested 
harm in the abciximab arm.129 Widespread use of loading-dose 
clopidogrel therapy reduces the leeway for intravenous anti-
GPIIb/IIIa agents, even in patients with ACS. A recent publi-
cation demonstrated that the use of anti-GPIIb/IIIa in patients 
with ACS was less than 30% and its use was an independent 
predictor for serious bleeding complications.130

Future Research Opportunities in Platelet and  
Antiplatelet Therapy

Our knowledge of the role of platelets in the regulation of 
homeostasis and thrombus formation is still small.103 All of the 
currently available “antiplatelet” agents (even low-dose aspi-
rin) increase the risk of serious bleeding events with the reduc-
tion of thrombotic events.65,74,102,131 The main reason for this 
limitation to the development of antiplatelet agents is our poor 
understanding of platelets role in “hemostatic” and “pathologi-
cal” thrombus formation. There are huge numbers of essen-
tially important publications regarding the biological functions 
of platelets. However, quantitative understanding of the rela-
tionship of the molecules comprising platelets to their function 
is still to be elucidated.11,89,132 Platelets play their biological 
roles under complicated blood flow conditions,133 which 
makes predicting their intra-vital behavior difficult. Extensive 
accumulation of quantitative biological research data, together 
with information technology (eg, computer simulation89) may 
be helpful for precise constructive understanding of the bio-
logical function of platelets. Multiscale simulations of the 
human body with super-computers may be helpful technol-
ogy.134 This bottom-up strategy may also have ripple effects 
on fundamental developments of indwelling medical devices 
such as “stents” and “vascular grafts” based on physiological 
phenomena and computational prediction.

Conclusions
In conclusion, extensive research opportunities still exist for 
understanding the precise role of platelet cells in the regulation 
of vascular homeostasis.
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