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Abstract

Introduction—Platelet activation/aggregation plays a key role in the dysregulation of
coagulation and the development of thrombotic microangiopathy in nonhuman primate recipients
of pig xenografts. As a preliminary to the study of anti-platelet therapy /n vitro and in vivo, the
present study aimed to compare platelet aggregation in whole blood from humans, baboons, and
cynomolgus monkeys.

Methods—Using ‘Chrono-log’ technology (two-sample four-channel Chrono-log Whole Blood
Aggregometer), we studied aggregation of platelets in healthy humans (n=8), baboons (n=5), and
monkeys (n=8). Whole blood (blood) samples were collected, and platelet aggregation was
assessed using three different volumes of blood (1, 0.5, and 0.25 mL). Platelet activation was
induced using collagen (at 3 and 5 pg/mL), ristocetin (at 0.5 and 1.0 mg/ml), adenosine
diphosphate (ADP; at 10, 20, and 40 uM), or thrombin (at 1 and 5 1U/ml). Inhibition of agonist-
induced platelet aggregation by heparin and low molecular weight heparin (LMWH) (at 1, 10, and
100 1U/mL) was evaluated.

Results—Mean platelet counts were 222.1, 263.2, and 276.1 (x103/ul) in humans, baboons, and
monkeys, respectively. In all 3 species, platelet aggregation was induced by collagen, ristocetin,
ADP, or thrombin in a dose-dependent manner. A blood volume of 0.5mL provided the most
consistent results with all agonists in all 3 species. Dilution studies indicated that there was a
significant positive correlation between platelet count and percent aggregation of platelets
(p<0.05). Collagen (3 and 5ug/mL), ADP (10, 20 and 40 pM) and thrombin (1 and 5 1U/ml)
induced significantly greater platelet aggregation in humans than in baboons. ADP (20 and 40 pM)
and thrombin (1 and 5 1U/ml) induced significantly greater platelet aggregation in monkeys than
in baboons. There was no species difference with ristocetin (0.5 or 1.0 mg/ml). In all species,
thrombin (1 or 5 IU) induced greater platelet aggregation than any of the other reagents. Heparin
at1 1IU/mL and LMWH at 10 IU/ml in all species almost completely abrogated thrombin-induced
platelet aggregation. Heparin at 100 1U/mL effectively inhibited platelet aggregation induced by
collagen, but only partially inhibited aggregation induced by ADP or ristocetin. LMWH only
partially inhibited aggregation induced by collagen, ristocetin and ADP.

Conclusions—The *Chrono-log’ technology proved to be a reliable method of evaluating
platelet activation and aggregation /n vitro in primates. Species differences may play a role in
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platelet aggregation, with the monkey being more comparable to the human than the baboon,
though overall trends were similar. In all species, thrombin induced greater platelet aggregation
than other agonists. Even a concentration of heparin of 1 IU/ml, which is probably the maximal
concentration that is clinically-applicable, prevented platelet aggregation induced by thrombin, but
were less effective in preventing aggregation induced by collagen, ADP, or, particularly,
ristocetin.
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INTRODUCTION

The use of porcine organs or cells as alternatives to those from deceased human donors is
viewed by many as a potential solution to the increasing shortage of allografts (1). However,
the transplantation of porcine tissue into humans or nonhuman primates elicits a severe and
rapid rejection response, resulting in graft loss, even when intensive immunosuppressive
therapy is administered. Although many advances have been made with respect to
understanding the immunological basis of rejection of highly-disparate organs, there are
several remaining barriers to the transplantation of porcine organs into humans or nonhuman
primates, of which graft injury caused by thrombotic microangiopathy, with associated
consumptive coagulopathy is proving particularly problematic (2, 3, 4). Incompatibilities
between the human and porcine coagulation systems have been shown to play a role in the
dysregulation of coagulation in xenograft recipients (5, 6, 7). Inhibition of platelet
activation, recruitment, and sequestration might inhibit development of the thrombotic
microangiopathy and/or consumptive coagulopathy (8). However, details of the mechanism
of platelet activation in xenotransplantation remain uncertain.

Platelet aggregation in organ xenografts and in the circulation after xenotransplantation has
been reported (9). In porcine hematopoietic progenitor cell xenotransplantation studies (10),
Appel, et al. utilized standard aggregometry to assess the effects of the individual
components of an immunosuppressive regimen on platelet aggregation in vitro.

As a preliminary study for the evaluation of anti-platelet therapy /in vitroand in vivo, we
assessed aggregation of human and nonhuman primate (baboons and monkeys) platelets
using different agonists. Additionally, we evaluated the inhibitory effect of heparin and low
molecular weight heparin (LMWH) on agonist-induced platelet aggregation.

MATERIALS AND METHODS

Blood preparation

Whole blood samples were obtained from healthy human volunteers (n=8), naive baboons
(n=5; Papio anubis, average age, 3.1+0.4years, 10.4+3.7kg), naive cynomolgus monkeys
(n=8; 5.0£2.1years, 4.1+1.2kg). None of the blood donors was taking any anti-platelet
therapy, e.g., aspirin, or nonsteroidal anti-inflammatory drugs. Blood was drawn through a
butterfly cannula (21-gauge) into an EDTA plastic tube (for platelet count), and into a 3.2%
trisodium citrate plastic tube (for platelet aggregation). Blood samples were tested for total
blood count, prothrombin time, partial thromboplastin time, and fibrinogen at the University
of Pittsburgh Medical Center Central Laboratory, Presbyterian Hospital, Pittsburgh, PA.
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Platelet agonists and antagonists

Four standard platelet agonists/stimulators (agents that are known to initiate platelet
aggregation) at various concentrations were added to the experimental samples in the
platelet aggregometer. The agonists used were (i) collagen (3 and 5 ug/ml, #385, ristocetin
(0.5 and 1.0 mg/ml, #396), adenosine diphosphate (ADP; 10, 20 and 40 uM, #384) (all from
Chronolog, Havertown, PA), and thrombin (1 and 5 IU/ml, #T7009, Sigma-Aldrich, St.
Louis, MO). Heparin was obtained from APP Pharmaceuticals, LLC, (#504011,
Schaumburg, IL), and LMWH (Fragmin®, 2,5001U/0.2ml) from Eisai, Woodcliff Lake, NJ.

Platelet aggregation assay

Blood samples were analyzed at three different concentrations - (i) undiluted blood, (ii) 50%
diluted blood, or (iii) 75% diluted blood. Blood was diluted with pre-warmed (37°C) normal
saline (Baxter, Deerfield, IL). The assay was commenced within 30min after blood
withdrawal, and completed within 3h.

Platelet aggregation was measured using a platelet aggregometer (two-sample, four-channel,
model 592 Whole Blood Aggregometer, Chrono-log), according to the manufacturer’s
instructions. Blood samples were placed in plastic cuvettes with electrodes and magnetic stir
bars, and incubated at 37°C for 5min in incubation wells. By adding a small rotating magnet
(disposable stir bar) to each sample, a shear stress was created to simulate intravascular flow
conditions. Platelet agonists were then added to induce platelet aggregation, which increases
resistance. These changes of impedance were automatically transformed into arbitrary
aggregation units (ohms), which were calculated as percentages, and then presented as
aggregation curves by an integrated computer system. Changes of electrical impedance were
recorded for 6min, and the maximum platelet aggregation induced was determined.

Inhibition of platelet aggregation with heparin and LMWH

Inhibition of agonist-induced platelet aggregation by heparin and LMWH was investigated
by blood aggregometry using three different concentrations (1, 10, and 100 1U/ml) of
heparin (of which only a concentration of 1 IU/ml is clinically-relevant) or LMWH. Blood
samples were incubated with either heparin or LMWH for 30min at 37°C. The effect of
heparin was assessed in humans (n=5), baboons (n=5), and in monkeys (n=3). The effect of
LMWH was assessed in humans (n=3), baboons (n=3), and monkeys (n=3).

Statistical analysis

Statistical analysis was performed using social sciences software GraphPad Prism 5.0
(GraphPad Software, San Diego, CA). Association analysis was evaluated using Spearman’s
rank-order correlation. Comparison among groups was assessed by nonparametric statistical
analysis of variance by Kruskal-Wallis’ test followed by Dunn’s multiple comparison.
Values of p<0.05 were considered statistically significant.

RESULTS

Induction of platelet aggregation in blood

We evaluated platelet aggregation in 8 healthy humans, 5 baboons, and 8 monkeys.
Hematological and coagulation parameters were comparable in the three species (Table 1).
No platelet aggregation was observed in the absence of any agonist (Figure 1). Within 6min
of adding an agonist to the blood sample, platelet aggregation was observed (Figure 1). The
percentage of platelet aggregation was dependent on the extent of blood dilution (undiluted,
50% diluted, or 75% diluted), with a tendency towards more platelet aggregation with
greater dilution (Figures 2-5). Fifty percent (50%) diluted blood provided the most
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consistent platelet aggregation in all three species, and platelet aggregation was dependent
on the dose of the agonist used (Figures 2-5).

Collagen-induced platelet aggregation

In the three species, collagen (3 or 5 ug/mL) induced dose-dependent platelet aggregation in
a comparable manner (Figure 2). Aggregation was consistently greater using undiluted
blood than diluted blood. In humans, aggregation in undiluted and 50% diluted blood was
significantly greater than in 75% diluted blood (p<0.001and p<0.05, respectively). In
baboons and monkeys, aggregation in undiluted blood was significantly greater than in 75%
diluted blood (p<0.01 and p<0.001, respectively).

Ristocetin-induced platelet aggregation

In the three species, ristocetin-induced platelet aggregation (at 0.5 and 1 mg/ml), was dose-
dependent (Figure 3). Using 0.5mg/ml, aggregation in undiluted blood was variable in all
three species, while using 1mg/ml, aggregation showed variability in undiluted blood in
monkeys. In 50% diluted blood, 0.5mg/ml induced consistently greater aggregation than in
75% diluted blood, but the difference was significant only in monkeys (p<0.05), and 1mg/mi
induced consistently greater aggregation than in 75% diluted blood, but this difference was
significant only in humans (p<0.05).

ADP-induced platelet aggregation

In the three species, ADP-induced platelet aggregation (at 10, 20, and 40uM) was dose-
dependent (Figure 4). In undiluted blood, aggregation was not consistently greater than in
50% or 75% diluted blood. Except in baboons (at 10uM ADP), aggregation in 50% diluted
blood was significantly greater than in 75% diluted blood (humans p<0.001, monkeys
p<0.05).

Thrombin-induced platelet aggregation

In the three species, thrombin-induced platelet aggregation (at 1 and 5 IU/mL) was dose-
dependent (Figure 5). In undiluted blood, aggregation was consistently greater than in 50%
or 75% diluted blood in humans, but not in baboons or monkeys. In 50% diluted blood,
aggregation was greater than in 75% diluted blood in the three species, but this increase was
not significant.

Correlation between platelet aggregation and platelet count

In 50% diluted blood, there was a significant positive correlation between platelet count and
percent agonist-induced platelet aggregation for each agonist in the three species.

Comparison of platelet aggregation between humans, baboons, and monkeys

Agonist-induced platelet aggregation in 50% diluted blood provided the most consistent
results. Accordingly, we compared agonist-induced platelet aggregation in 50% diluted
blood among the three species. Collagen induced greater platelet aggregation in humans than
in baboons, but aggregation was not significantly different from that in monkeys (Figure
6A). Ristocetin induced comparable and insignificantly different platelet aggregation in the
three species (Figure 6B). ADP induced significantly greater platelet aggregation in humans
than in baboons (Figure 6C). At 10uM, aggregation was greater in humans than monkeys,
and at 20 and 40uM aggregation in monkeys was significantly greater than in baboons.
Thrombin induced significantly greater aggregation in humans and monkeys than in
baboons, but was comparable between human and monkeys (Figure 6D).
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Inhibition of agonist-induced platelet aggregation by heparin

Next, we evaluated the effect of heparin at three different concentrations (1, 10 and 1001U/
ml) on platelet aggregation induced by each agonist in the three species using 50% diluted
blood. In the three species, heparin inhibition of agonist-induced platelet aggregation was
comparable and dose-dependent (Figure 7). Heparin was relatively efficient at reducing
collagen-induced aggregation, but inefficient at reducing ristocetin- or ADP-induced
aggregation (Figures 7A, B, and C). Heparin was very efficient at inhibiting thrombin-
induced aggregation (Figure 7D). Mean percentage inhibition of thrombin-induced
aggregation was almost 100% at all concentrations.

Inhibition of agonist-induced platelet aggregation by LMWH in humans and baboons

We then compared the effect of LMWH at three different concentrations (1, 10 and 1001U/
ml) on platelet aggregation induced by each agonist in the three species, using 50% diluted
blood. LMWH inhibition of agonist-induced aggregation was dose-dependent (Figure 8).
LMWH was less effective than heparin in inhibiting collagen-induced and thrombin-induced
aggregation, though at the highest concentration (100 1U/ml) it effectively prevented
thrombin-induced aggregation. Inhibition of ristocetin and ADP was limited, but comparable
to heparin.

DISCUSSION

Substantial advances in xenotransplantation, particularly through the availability of
genetically-engineered pigs, have allowed hyperacute rejection to be overcome and the onset
of acute vascular rejection to be delayed or inhibited. However, even if rejection is
prevented, an imbalance in clotting homeostasis, tending towards hypercoagulation (11, 12),
has been a major barrier to long-term survival in pig-to-primate organ xenotransplantation.
When a pig organ (e.g., heart, kidney) is transplanted into a nonhuman primate,
microvascular thrombosis develops (4, 13, 14). Although the exact mechanisms inducing
coagulation after xenotransplantation are not fully understood, activation of donor vascular
endothelium and/or recipient platelets plays an important role (15).

Prevention of recipient platelet activation may be crucial for successful pig-to-primate
xenotransplantation. After pig-to-baboon kidney xenotransplantation model, activated
platelets express tissue factor at an earlier stage (1-2 days) than do peripheral blood
mononuclear cells (PBMC) (4 days) (9). In liver xenografts, profound thrombocytopenia
associated with aggregation of platelets with white blood cell subtypes was observed within
one hour after pig liver reperfusion (16). Recipient platelets may bind directly to pig
endothelial cells and subsequently become activated (17). Human platelets upregulate tissue
factor expression by direct contact with porcine aortic endothelial cells in the absence of
human serum or antibodies (15). Porcine, but not human, von Willebrand Factor (VWF)
binds and activates human platelets in the absence of shear stress (18).

Platelet aggregation develops in two stages. The primary phase occurs in the form of a
change in shape and reversible aggregation, followed by a secondary phase of secretion of
platelet mediators and irreversible aggregation. Platelets carry specific receptors for known
agonists (19-21) (Table 2).

In the present study, we found a positive correlation between the platelet count and platelet
aggregation, as reported by others (22, 23). At the blood volumes used, platelet aggregation
using 50% diluted blood generated the most consistent results, while undiluted blood was
less consistent. This inconsistency might be related to technical and environmental factors
(24-26).
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As nonhuman primates are frequently used in xenotransplantation studies as surrogates for
humans, it is important to establish baseline biological values in these species. In the present
study, platelet aggregation in humans and monkeys was greater than in baboons, at least
with regard to collagen, ADP, and thrombin. Significantly lower levels of fibrinogen were
observed in baboons than in humans, though not in monkeys (Table 1), as reported by others
(27), which may help explain the reduced aggregation seen in baboons. It is reported that
higher levels of fibrinogen are associated with increased aggregation (28, 29).

Red and white blood cells are known to modulate platelet function by providing either
physical scaffolding or chemicals (e.g., ADP) that have a direct impact on platelet function
(30). An increased hematocrit has been associated with a reduction in /n vitro aggregation,
possibly as a result of reduced levels of ADP (31, 32), but this could be a result of technical
problems (see above). In the present study, we found no significant differences in white
blood cell count, hematocrit, platelet count, prothrombin time, and partial thromboplastin
time between the three species, although the red blood cell count in monkeys was
significantly higher than in humans and baboons (Table 1). While lower fibrinogen levels
were observed in monkeys than in humans, higher red blood cell counts, FVIII, and platelet
counts were observed in monkeys, and no substantial difference in hematocrit (33).

In xenotransplantation experiments, heparin has often been administered at doses higher
than that used clinically (100-2001U/kg; q6-8h), with resulting relatively high
concentrations of heparin in the blood. Heparin leads to efficient inhibition of thrombin-
induced platelet aggregation (34) by increasing the affinity of antithrombin 111 to thrombin
to form thrombin-antithrombin complexes. Heparin can also inhibit the binding of
xenogeneic (bovine) VWF to human platelets, where increased inhibition of binding was
observed with an increased molecular weight of heparin (35). While heparin can bind a
number of platelet membrane proteins, including the GPIb receptor (36), heparin binding to
platelets is not completely prevented by monoclonal antibodies directed against platelet
receptors (GPla/lla, GPIb, GPIIb/ll1a, and GPIV) (37). In the current study, we found that
heparin at a (maximal) clinically-applicable concentration (1 IU/mL) was very effective in
inhibiting thrombin-induced platelet aggregation, but not collagen-, ADP-, or ristocetin-
induced platelet aggregation. As thrombin activation is a key step in the dysregulation of
coagulation in xenograft recipients, this might explain the importance of anticoagulation
using continuous heparin infusion in our own studies and others (38).

Heparin and LMWH have similar inhibitory effects on platelet aggregation (38, 39), with
similar anti-thrombin (Fll1a) activity, but with a greater anti-FXa activity by LMWH (40,
41). Weaker LMWH effect on aggregation has been reported (42). In our study, in
comparison to heparin, inhibition of thrombin-induced platelet aggregation by LMWH was
also efficient, though not at a concentration of 1 lU/mL (and therefore probably not
clinically useful). Because, in contrast to heparin, LMWH can be administered
subcutaneously, these data suggest a possible role for it in reducing dysregulation of
coagulation in xenograft recipients.

Although most studies have used the Chrono-log method for evaluation of platelet
hypofunction or dysfunction, the method is also useful for assessment of hyperactivity of
platelets (29, 43). Methodology using blood has several advantages over the use of platelet-
rich plasma for the assessment of hyperactive platelets (44, 45). For example, studies in
blood (i) allow evaluation of platelets in a more physiologic milieu (30); (ii) have a greater
sensitivity than the optical platelet-rich plasma method (45); (iii) avoid the need for
centrifugation (iv) allow a faster technique; and (v) are more suitable for a routine laboratory
setting. However, there are some limitations of the whole blood aggregation assay - (i)
platelet aggregation studies must be performed within 3 hours after blood collection (46);
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(ii) platelet activation can be caused by improper sample collection; and (iii) there are
limitations to the interpretation of results in thrombocytopenic samples (22, 31).

Platelet aggregometry (using the optical method) has been used previously in studies of
xenotransplantation (47). In vitro, porcine, but not baboon, PBMC directly induced
aggregation of baboon platelets in a dose-dependent manner in the absence of any agonist
(47). Xenotransplantation of mobilized porcine PBMC in baboons was followed by
immediate severe thrombotic microangiopathy (in lungs, heart, and kidneys), associated
with platelet aggregation and thrombocytopenia (14, 48). Benatuil et al. documented that pig
PBMC induced human platelet aggregation to a similar extent to collagen (49).

At present, it is not absolutely clear which factors influence the hypercoagulable state that
develops in a primate after the transplantation of a pig organ. There may therefore be a role
for platelet aggregometry assays in the management of primates with pig organ grafts, not
only as part of the coagulation profile, but also to assess the efficacy of anti-thrombotic
therapy.
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Figure 1. Platelet aggregation representative curve induced with and without collagen (at 5ug/
ml)

Platelet aggregation curves from a representative experiment. The platelet aggregation that
developed in 50% diluted whole blood, with (i) no agonist, or (ii) collagen (5ug/ml) in
humans, baboons, and monkeys. In the absence of any agonist, no platelet aggregation was
seen. Percentages of aggregation were 44% (human), 30% (baboon), and 39% (monkey).
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Figure 2. Collagen-induced platelet aggregation

In humans (A), baboons (B), and monkeys (C), platelet aggregation with collagen at 3 and 5
mg/ml was dose- and dilution-dependent. Collagen induced significantly greater aggregation
in undiluted than in 75% diluted blood in all three species. Collagen induced significantly
greater aggregation in 50% diluted blood than in 75% diluted blood only in humans. Values
of mean percentage (%) of aggregation are indicated in the figure. (*p<0.05, **p<0.01,
***p<0.001).
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Figure 3. Ristocetin-induced platelet aggregation
In humans (A), baboons (B), and monkeys (C), platelet aggregation with ristocetin at 1mg/
ml was dose-and dilution-dependent. Ristocetin (at 1mg/ml) induced significantly greater
aggregation in undiluted blood than in 75% diluted blood in all three species. Ristocetin
induced significantly greater aggregation in 50% diluted blood than in 75% diluted blood

only in humans. In all three species, ristocetin at 0.5mg/ml induced dilution-dependent

Page 15

aggregation, but significant differences were only observed in monkeys. Values of mean
percentage (%) of aggregation are indicated in the figure. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 4. ADP-induced platelet aggregation
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In humans (A), baboons (B), and monkeys (C), platelet aggregation with ADP (at 10, 20 and
40 pM) was dose-and dilution-dependent. ADP induced significantly greater aggregation in
undiluted blood than in 75% diluted blood in all three species, except at 40uM in humans.
ADP induced significantly greater aggregation in 50% diluted blood than in 75% diluted
blood in all three species, except at 10uM in baboons. Values of mean percentage (%) of

aggregation are indicated in the figure. (*p<0.05, **p<0.01, ***p<0.001).
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Figure5. Thrombin-induced platelet aggregation

In humans (A), baboons (B), and monkeys (C), platelet aggregation with thrombin (at 1 and
5 1U/ml) was dose-and dilution-dependent. Thrombin induced significantly greater
aggregation in undiluted blood than in 75% diluted blood in all three species, except in
baboons at 11U/ml. Values of mean percentage (%) of aggregation are indicated in the
figure. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 6. Comparison of platelet aggregation between humans, baboons and monkeys

Platelet aggregation in 50% diluted blood was compared between humans, baboons, and
monkeys. Collagen at 3 and 5 pg/mL (A) induced significantly greater platelet aggregation
in humans than in baboons, and comparable aggregation in monkeys. With ristocetin at 0.5
or 1. mg/ml (B), no significant differences were found between species. Platelet activation
with ADP at 20 and 40 uM (C) induced significantly greater platelet aggregation in humans
and monkeys than in baboons. Platelet activation with thrombin at 1 and 5 1U/ml (D)
induced significantly greater platelet aggregation in humans and monkeys than in baboons.
Values of mean percentage (%) of aggregation are indicated in the figure. (*p<0.05,
**p<0.01, ***p<0.001).
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Figure 7. Effect of heparin on agonist-induced platelet aggregation

In the three species, heparin at 100 1U/ml effectively inhibited collagen-induced platelet
aggregation (A), but had a very weak effect on inhibiting aggregation induced by ristocetin
(B) and ADP (C). Heparin at 1, 10 and 100 IU/ml equally and effectively inhibited
thrombin-induced platelet aggregation (D). Values of mean percentage (%) of aggregation
are indicated in the figure. (*p<0.05, **p<0.01, ***p<0.001).
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Figure 8. Effect of LMWH on agonist-induced platelet aggregation In all three species
LMWH at 100 1U/ml moderately inhibited collagen-induced platelet aggregation (A), but
had relatively little effect on reducing aggregation induced by ristocetin (B) or ADP (C).
LMWH at 10 and 100 1U/ml equally and effectively inhibited thrombin-induced platelet
aggregation (D). Values of mean percentage (%) of aggregation are indicated in the figure.
(*p<0.05).
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Table 1

Hematology and coagulation data in healthy humans, baboons and cynomolgus monkeys

Parameter (unit) Human Baboon Monkey P value
White blood cell count (x103/ul) 7.71+0.95 8.20+1.72 9.93+1.66 ns
Red blood cell count (x108/pl) 5.01+0.24 (@) 4.89+0.16 (0) 5.75%0.29 () (p<0.05)
(b) (p<0.01)
Hematocrit (%) 40+1.7 38+1.3 38+1.6 ns
Platelet count (x103/ul) 222+49.3 263+29.1 276+25.7 ns
Prothrombin time (s) 13.2+0.61 13.4+0.46 12.7+0.40 ns
Activated partial thromboplastin time (s) 28.5+2.10 29.7+£2.18 26.7+1.61 ns
Fibrinogen (mg/dl) 275+26.6 (¢ 202+10.5 234+37.0  (c) (p<0.01)

@)

Human vs Monkey,

®)

Baboon vs Monkey,

©

Human vs Baboon
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Table 2

Platelet agonists and receptors

Agonist Receptor
Collagen Gpla/lla, GplV, GpVI
Ristocetin (VWF) GPIb, GPIb/V/IX
ADP P2Y1, P2Y12
Thrombin PAR1, PAR2
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