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ABSTRACT
Blood clotting is a serious problem, which kills up to 1 in 3 people each year in the
United States. Platelets play a vital role in blood clotting, hemostasis, and some other
cardiovascular disorders. Platelets are activated following injury or vascular insult and can cause
the formation of an occlusive thrombus. Thus, studying platelets is essential to develop new
strategies for the prevention of arterial thrombosis. An enzyme found in the platelet and
megakaryocyte, 12-Lipoxygenase (12-LOX), was shown to have an important role in platelet
activation by a number of research groups. However, the mechanism of how 12-LOX regulates
platelet activation needs to be studied further. In this study, we sought to determine the key
biochemical steps in platelets that are regulated by 12-LOX, especially whether the adenosine
diphosphate (ADP) secretion pathway is involved in 12-LOX signaling. Human platelets were
treated with ML355, a selective 12-LOX inhibitor, or the combination of ML355 + ADP receptor
inhibitors including P2Y1 and P2Y12 receptor inhibitors (MRS2179 and 2Me-SAMP
respectively). The treated platelets will be stimulated with thrombin and assayed for activation
using aggregation assays, western blotting, and flow cytometry. Aggregation, a granule
secretion, and integrin activation data was collected and analyzed. This research could offer a
novel target for dual antiplatelet therapy and provide a deeper mechanistic understanding of
platelet reactivity and its role in maintaining hemostasis.
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Chapter 1
Introduction

Thrombosis is a serious problem, which leads to considerable morbidity and mortality.
Venous thromboembolism alone affects about 300,000 to 600,000 individuals each year in the
U.S. (Beckman et al., 2010). It is a disease that affects all ages, races, and genders, and is making
thrombosis a growing public health problem (Beckman et al., 2010). As platelet activity plays a
vital role in thrombus formation, hemostasis, and some other cardiovascular disorders,
understanding the platelet function is essential. Platelets are activated following injury or
vascular insult and can cause the formation of an occlusive thrombus.
Human lipoxygenase (LOX) isozyme family includes 5-LOX, 12-LOX, and 15-LOX，
among which 12-LOX was shown to have an important role in platelet activation by a number of
research groups (Ikei et al., 2012). There are two 12-LOX isozymes that are observed in humans,
epithelial and platelet-type 12-LOX, with the former one primarily found in epithelial tissue and
the latter one primarily observed in platelets and megakaryocytes (Ikei et al., 2012). This
research focused on the platelet-type 12-LOX, which makes the S-product (S enantiomer) and is
also called 12(S)-lipoxygenase.
As 12-LOX was shown to play an important role in platelet activation, the exact
mechanism of the regulation of platelet activation by 12-LOX needs to be studied further. In this
study, we sought to determine the key biochemical steps in platelets that are regulated by 12LOX, especially whether the ADP secretion pathway is involved in 12-LOX signaling. Human
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platelets were treated with ML355, a selective 12-LOX inhibitor, or the combination of ML355 +
ADP receptor inhibitors including P2Y1 and P2Y12 receptor inhibitors (MRS2179 and 2MeSAMP respectively). The treated platelets were then stimulated with thrombin, and ADP was
added two minutes after the reaction as needed. Aggregometry and flow cytometry assays were
used to check the activation of the platelets and expression of PAC-1/ P-selectin, as PAC-1
expression indicates the activation of integrin αIIbß3 and P-selectin expression is a marker of α
granules secretion. Aggregation, a granule secretion, and integrin activation data were collected
and analyzed using Prism software. In addition, the role of ADP secretion of the 12-LOX
pathway was studied. This research could offer a novel target for dual antiplatelet therapy, and
provide a deeper mechanistic understanding of platelet reactivity and its role in maintaining
hemostasis.
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Chapter 2
Literature Review

2.1 Platelet Formation and Its Role in Hemostasis and Thrombosis
Platelets, which are anucleated blood cells, play an important role in the process of
hemostasis regulation, thrombus formation, innate immunity, tumor growth regulation in the
vessel, and inflammatory reactions (Holinstat, 2017; Lefrancais et al., 2017; von Hundelshausen
and Weber, 2007). The production of platelets is thought to happen in the bone marrow or the
lung (Holinstat, 2017). Due to the shear force inside the blood vessel and the countless blood
cells and plasma, platelets are mainly found near the vessel wall, which allows the platelets to
play a vital role in hemostasis (Yeung et. al., 2018). The newly formed platelets will stay in the
blood vessel for 5 to 7 days and will be removed and transported to the spleen after they become
fully activated or at the end of their life (Holinstat, 2017).
The primary function of platelets is the mediation of hemostasis and thrombosis and they
are derived from megakaryocytes (Yeung et. al., 2018; Holinstat, 2017). Following by the
vascular injury, platelets are activated and respond by forming a thrombus with other
components in the vessel to prevent bleeding, which is the process of hemostasis (Tomaiuolo et
al., 2017). The hemostatic response to vascular injury occurs in three phases that are
overlapping: initiation, extension, and stabilization (Tomaiuolo et al. 2017). During the initiation
phase, platelets bind to collagen and platelet receptor at the site of injury, while ADP is also
released from the dense granules in platelets. The platelets that are activated by ADP and
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thrombin, which plays an important role in platelet-platelet cohesion by combining the
fibrinogen to the αIIbß3 integrin. This is considered as the extension process. As the base of the
clot evolving during the extension, thrombin converts the soluble fibrinogen to insoluble fibrin,
which makes the clot more stable and is considered as the stabilization stage.
On the other hand, the process of the blood clot formation may lead to vessel occlusion if
the response is too strong and thus result in arterial or venous thrombosis (Figure 1), which can
cause heart attack and stroke. The arterial and venous thrombosis were considered as two
completely different diseases in the past. Arterial thrombosis usually contains mostly activated
platelets, which is known as the “white clot”, while venous thrombosis consists of primarily of
red blood cells and fibrin, which give the appearance of “red clot” (Poredos, 2017). However,
recent data suggested that there was a close interrelationship between the two diseases, and they
have common risk factors (Poredos, 2017).

Figure 1. Hemostasis and Thrombosis
Figure 1. The role of platelets in hemostasis and thrombosis. After injury, platelets are involved
in hemostasis and form a plug to prevent blood loss. The blood clot may lead to arterial or
venous thrombosis. Arterial thrombosis is also called white clot and venous thrombosis is known
as red clot. (Adapted from Yeung et al. 2018)
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2.2 Platelet Granule Secretion

There are three major granule types in the platelets: dense granules, alpha (α) granules,
and lysosomal granules. Of the three granules, dense granules and α granules are well studied
with more physiological importance. The process of exocytosis, which leads molecules to the
plasma membrane, of platelets granules is crucial to normal platelet function (Sharda and
Flaumenhaft, 2018). The granules are formed in megakaryocytes before they are transported into
platelets, and eventually release components to the extracellular fluid (Sharda and Flaumenhaft,
2018). The three types of granules are different in several ways, and this study was focused on α
and dense granules.

2.2.1 Alpha Granules

There are around 50-60 α granules in each platelet and they are the largest and most
heterogeneous granules in the platelet at about 200-400 nm in size (Rumbaut and Thiagarajan,
2010). The α granules response for most of the platelet factors in the process of hemostasis and
thrombosis, include thrombospondin, P-selectin, which is a good indicator of platelet activation,
fibrinogen, von Willebrand factor, and kininogens. Alpha granules play an important role in the
granular appearance of the cytoplasm in the procedure of peripheral blood smear, and they also
contain proteins involved in wound healing and inflammation (Rumbaut and Thiagarajan, 2010).

6

2.2.2 Dense Granules

There are about 3-8 dense granules in each platelet, and they are the smallest granules,
with sizes are around 150 nm (Rumbaut and Thiagarajan, 2010). Dense granules contain about
200 small molecules, such as ADP, which is closely related to hemostasis, ATP, epinephrine,
and calcium (Holinstat, 2017). In the process of platelet activation, molecules in dense granules
can signal through the platelet plasma membrane and binds to the surface receptors. Among all
the receptors, P2Yx group (purinergic receptors), including P2Y1 and P2Y12, are the most well
studied and they both play an important role in platelet activation (Holinstat, 2017). The dense
granules in platelets play a vital role in hemostasis, and a deficiency in dense granules is
associated with a bleeding disorder (Rumbaut and Thiagarajan, 2010).

2.2.3 Lysosomes

The size of lysosomes (around 200-250 nm) lies between that of the α and dense
granules, and they are released upon activation. However, the activation usually need more
stimulation than the other two granules. The functions of lysosomes in the platelets are not well
understood yet, but lysosomal integral membrane protein (LIMP-1) expression on the surface of
platelets is used to indicate strong platelet activation (Rumbaut and Thiagarajan, 2010).
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2.3 First Selective 12-LOX Inhibitor--ML355

2.3.1 12 (S)-Lipoxygenase

Platelet 12(S)-lipoxygenase (12-LOX) is an oxygenase mainly found in human platelets
and plays an important role in hemostasis, thrombosis, diabetes, and cancer (Luci et al., 2014).
12-LOX reacts with arachidonic acid (AA) to form 12-HETE (12-(S)hydroperoxyeicosatetraenoic acid and 12-(S)-hydroxyeicosatetraenoic acid), which plays an
important role in integrin activation and vascular hypertension (Adili et al, 2017). It has been
shown that 12-LOX inhibition attenuates platelet aggregation (Yeung et al.,2012). However, the
mechanism of 12-LOX regulation of platelet function, hemostasis, and thrombosis needs to be
studied further.

2.3.2 Discovery of ML355

Due to the lack of 12-LOX high-selective inhibitors, N-(benzo[d]thiazol-2-yl) -((2hydroxy-3-methoxybenzyl) amino) benzenesulfonamide (ML355) was discovered with great
selectivity over related enzymes including lipoxygenases and cyclooxygenases (Luci et al.,
2013). The structure of the ML355 is shown in Figure 2. Antiplatelet therapy is primarily used to
treat thrombosis, and it usually targets platelet receptors and enzymes (Adili et al., 2017). These
therapeutic approaches often lead to an increased risk of bleeding, as a side effect, as in the case
with aspirin. By comparing with other 12-LOX inhibitors, ML355 was found as a potent
inhibitor of 12-LOX with excellent selectivity towards other related enzymes (>50-fold
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selectivity versus 15-LOX-1, 5-LOX, 15-LOX-2; >100-fold selectivity versus COX1/2) (Adili et
al., 2017). The comparison of ML355 and previous 12-LOX inhibitors can be found in Table 1
below, and the structures of the inhibitors are shown in Figure 3.

Figure 2. Structure of ML355
Figure 2. First selective 12-LOX inhibitor: ML355. (Luci et al., 2013)

Table 1. Comparison of ML355 to Previous 12-LOX Inhibitors
NDGA, Nor-Dihydroguairetic Acid; ND, Not Determined (Luci et al., 2014)
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Figure 3. Structures of Previous Inhibitors of 12-LOX
Figure 3. Inhibitors of 12-LOX prior to ML355. (Luci et al., 2014)

2.3.3 12-LOX Pathway Hypothesis

In this study, we sought to determine the mechanism in platelets that are regulated by 12LOX, specifically if the ADP secretion pathway is involved in 12-LOX singling. Protein kinase
C (PKC) activation has been shown to play an important role in platelet activation, and it is
downstream of 12-LOX (Yeung et al. 2011). In addition, integrin αIIbß3 activation was thought
to happen downstream of both PKC and 12-LOX (Yeung et al. 2011). External thrombin and
ADP was used for this experiment, as well as 12-LOX and ADP receptors inhibitors. ADP is
released from dense granules and it binds to P2Y1 and P2Y12 receptors, and it was thought to
happen before the integrin αIIbß3 activation. The last step was considered when fibrinogen was
introduced in this reaction, which leads to platelet aggregation (Figure 4).
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Figure 4. 12-LOX Pathway Hypothesis
Figure 4. The hypothesis of 12-LOX pathway. After 12-LOX receptor is inhibited by ML355,
external addition of thrombin will not cause full aggregation of platelets. However, external ADP
addition will rescue the ML355 inhibited platelets if ADP is involved in the 12-LOX pathway.
P2Y1 and P2Y12 receptor inhibitors are used to check if they are both involved in the pathway.
PAC-1 expression is measured to see the integrin αIIbß3 activation.
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Chapter 3
Materials and Methods

3.1 Human Platelet Preparation
Whole blood samples were obtained daily from healthy volunteers within the University
of Michigan. The blood samples were then spun for 10 minutes at 200 rcf (relative centrifugal
force) to separate the plasma, white blood cells, and the red blood cells (Figure 5 and 7). The
plasma was then gently transferred into two 15 mL conical tubes gently (Figure 8). Apyrase and
10X ACD (acid citrate dextrose) were added to the plasma to prevent the platelets from getting
activated under high-speed spinning. ACD was used to acidify the platelets to the plasma, diluted
to 1X concentration. Apyrase was diluted 1/2500. The 10X ACD was stored at room temperature
and the apyrase stock solution was stored at -20 ℃. The treated plasma samples were then spun
at 2000 rcf for 10 minutes to separate the platelets (Figure 9). The top layer (platelet poor) of the
plasma was decanted by suction (Figure 10 and 11). The remaining platelets were re-suspended
with Tyrode’s buffer and mixed gently without activating the platelet (Figure 12). After using
HEMAVet (Drew Scientific Inc.) for the platelet cell count, the platelet sample was set to the
desired concentration as 3*108 platelets/mL. The washed platelets were set aside for 30 minutes
before the start of the experiment.
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Figure 5. Whole Blood Sample

Figure 6. Whole Blood Sample in Spinner

Figure 7. Separated Plasma, White and
Red Blood Cell

Figure 8. Plasma Separated from the
Blood Sample
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Figure 9. Spinner Used for 2000 rcf

Figure 10. Platelet Poor Plasma and
Platelets

Figure 11. Separated Platelets

Figure 12. Washed Platelets Ready to Use
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3.2 Platelet Aggregation and ADP Rescue
The Whole Blood/ Optical Lumi-Aggregometor (Chrono-Log Corporation) was used to
collect the aggregation data, as it detects the transmission of light and records it as the function
of time (Figure 15). The washed platelets were transferred to a small glass cuvette and analyzed
for aggregation (cloudy samples become clear upon aggregation, Figure 13 and 14).
To determine whether 12-LOX is involved in the dense granules secretion, control and
ML355-treated platelets were stimulated with thrombin, ADP, or both, in the presence and
absence of ADP receptor inhibitors (2-MeSAMP and MRS2179). The thrombin and ADP stock
solutions (10 µM) were stored at -80 ℃, while the 2-MeSAMP and MRS2179 were stored at 20 ℃. The washed platelets were tested with arachidonic acid (AA) before the experiment was
conducted, as no aggregation was expected after adding 5 µM AA into the platelets. The
temperature of the platelets was kept at 37 ℃, and the sample were stirred during the experiment.
To start the experiment, 2 µl of vehicle control (50% DMSO) or drug (ML355, 2-MeSAMP
and/or MRS2179) was added to the platelets and incubated for 10 minutes after quick spin for 3
seconds. Thrombin was added to the cuvette after the data collection onset and ADP at
designated concentration was added two minutes later after the reaction if it was needed. The
reaction was run for another 3 minutes after the ADP addition and data was saved. The details of
the components for each trial can be found in Table 2, where Channel 1 and 2 were control (no
ML355 was added) and Channel 3 and 4 were treated with ML355.
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Table 2. Components for Each Trial
Ctrl: vehicle control (50% DMSO); Thrombin EC50: concentration used at EC50 for each
sample; P2Y1 and P2Y12: inhibitors of P2Y1 and P2Y12 receptors. MRS2179: P2Y1receptor
inhibitor; 2Me-SAMP: P2Y12 receptor inhibitor
Run
Channel 1
1
Ctrl
2
3
4
5

Channel 2
Ctrl

Channel 3
ML355+ Thrombin 0.2

Channel 4
ML355+ Thrombin 0.2

ADP 10µM

ADP 5µM

+ADP 10µM

+ADP 5µM

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Ctrl

Ctrl+ ADP

ML355

ML355+ADP

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Ctrl+ P2Y1

Ctrl+ P2Y1+ADP

ML355+ P2Y1

ML355+ P2Y1+ADP

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Ctrl+ P2Y12

Ctrl+ P2Y12+ADP

ML355+ P2Y12

ML355+ P2Y12+ADP

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Thrombin EC50;

Ctrl+

Ctrl+P2Y (1+12)

ML355+ P2Y (1+12)

ML355+ P2Y (1+12)

P2Y (1+12)

+ADP

+ADP
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Figure 13. Cloudy Platelet Sample

Figure 14. Clear Sample After
Aggregation

Figure 15. Light Transmission-Aggregometry
Figure 15. The aggregometor records the light transmission as the function of time. The platelet
plasma is cloudy from the beginning and gets clear if it aggregates. The clearer the plasma is, the
more light gets transmitted. The curve above indicates the sample is cloudy at time 0 and gets
clearer as time goes on.
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3.3 Flow Cytometry
PAC-1 expression, which indicates the integrin αIIbß3 activation, and P- Selectin
expression, a marker of α granules secretion, were measured using flow cytometry. The
concentrations of drugs and agonist were determined by dose response. After the concentrations
were determined, 2 µL of thrombin or Tyrode’s buffer were added to each well. The platelets
(both control and ML355 treated) were prepared and incubated for 10 minutes at 37 ℃ before
the experiment started. Then, 2 µL of PAC-1/ P-Selectin antibody was added to each well and
kept in the dark, as the antibodies were light sensitive. The details of the components can be
found in Table 3, where the blue wells were the control platelets, the pink wells were treated
with ML355, and the yellow wells were used for color compensation. 44 µL of the control- or
ML355- treated platelets were added to each well and mixed by pipetting up and down. The 2 µL
ADP was added 2 minutes after the reaction as needed. The reaction was run for another 10
minutes inside the bead bath at 37 ℃, covered with foil. After 10 minutes, 50 µL of 2% PFA
(paraformaldehyde) was added to each well, to fix the cells and stop the reaction. The final
concentration of the PFA was 1% and the fixed sample was left to rest for more than 10 minutes
before running through the flow cytometer. The sample was diluted to 1:10 with Tyrode’s buffer
prior to the run.
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Table 3. Components in Each Well
Resting 1: no agonist, with both antibody; Resting 2: no agonist, no antibody; P-Sel: P-selectin
antibody; PAC-1: PAC-1 antibody; Th: thrombin (used at EC50); P2Y1 and P2Y12: inhibitors of
P2Y1 and P2Y12 receptors. MRS2179: P2Y1receptor inhibitor; 2Me-SAMP: P2Y12 receptor
inhibitor
1
2
3
4
5
A Resting Th ADP Th+ Th+
1
ADP P2Y1

6
7
8
9
10
Th+
Th+
Th+
Th+
Th+
P2Y1 P2Y12 P2Y12 P2Y1+ P2Y1&12
+ADP
+ADP P2Y12
+ADP

11
Th+
P-Sel

B Resting Th ADP Th+ Th+
1
ADP P2Y1

Th+
Th+
Th+
Th+
Th+
Resting
P2Y1 P2Y12 P2Y12 P2Y1+ P2Y1&12
2
+ADP
+ADP P2Y12
+ADP

3.4 Statistical Analysis

The aggregation data was analyzed using Prism software and the flow cytometry data
was analyzed using Flow Jo and Prism. The t-test was used to check the difference in mean
values and was considered significantly different when p < 0.05.

3.5 Dose Response and Ideal Concentration

The concentration of thrombin and ML355 used in the experiment were determined by a
dose response. As shown in Figure 16 and 17, the ideal concentration for thrombin was 0.20-0.25
nM (EC70), and it was 10 µM for ML 355 (IC50). However, the concentration used for thrombin
was adjusted to 0.15-0.2 nM due to the sensitivity of the sample to thrombin. The concentrations

12
Th+
PAC1
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of ML355, ADP, 2-MeSAMP, and MRS2179 used in the experiment were 20 µM, 5 µM, 50 µM,
and 20 µM, respectively.
Thrombin Dose Response

ML355 Dose Response
**
100

80
Max Aggregation (%)

Max Aggregation (%)

100

60
40
20

5
0.

5
37

2

25

0.

0.

0.

5

15
0.

12

1

0.

0.

0

0

Thrombin Concentration (nM)

Error bar shows SEM
Thrombin concentration: 0.2-0.25nM

Figure 16. Thrombin Dose Response

****
**

****

80
60
40
20
0

0

5

10

20

ML355 Concentration (µM)
Error bar shows SEM
Thrombin concentration: 0.2-0.25nM

Figure 17. ML355 Dose Response
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Chapter 4
Results and Discussion
To determine whether 12-LOX is involved in the secretion of alpha granules, control and
ML355-treated (20 µM) platelets were stimulated with thrombin (0.15 nM to 0.2 nM), ADP (5
µM), or both in the presence and absence of ADP receptor inhibitors (2-MeSAMP and
MRS2179). The aggregation data was recorded as the function of time and displayed on the
aggregometor as Figure 18. The four traces were from the sample and represent different
conditions of the treatment of the platelets. The aggregometor can run four samples at the same
time and it took about six minutes for each trial. The data was collected and analyzed using
Prism. As it is shown in Figure 19, the platelets that were treated with ML355 reduced platelet
aggregation significantly. The external ADP that was added two minutes after the reaction
rescued ML355 treated platelets significantly. As the washed platelets with ADP itself did not
induce aggregation, these results suggest that the ADP is involved in the 12-LOX pathway.
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Figure 18. Sample Aggregation Curve- Aggregometry
Figure 18. Platelets in Trace 1 (Channel 1) was treated with 5 µM ADP (no thrombin) and the
max aggregation was 2%. Trace 3 (Channel 2) was treated with thrombin only with 85% max
aggregation. ML355 was incubated for 10 minutes for Trace 5 (Channel 3) and thrombin was
added to start the reaction, and the max aggregation was 16%. Trace 7 (Channel 4) started the
same with Channel 3, but ADP was added 2 minutes after the reaction. The max aggregation of
Channel 4 was 60% and the red arrow indicates when ADP was added.

Figure 19. 5µM ADP Rescue (N=8)
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Figure 19. The first bar (from left side) is the control sample, with only thrombin added and
about 78% aggregation. The second bar represents the ML355-treated platelets sample, which
was about 22% aggregation. The third one indicates that ADP was added two minutes after the
reaction, and the max aggregation was around 50%. The last one has only ADP in it, which had
about 7% aggregation. These results suggest that ML355 significantly reduced platelets
aggregation, and ADP rescued the inhibited platelets. MRS2179: P2Y1receptor inhibitor; 2MeSAMP: P2Y12 receptor inhibitor Error bars indicate SD. * P < 0.05; ** P < 0.01; *** P < 0.001;
**** P < 0.0001. N=8.
As mentioned in the literature review section, P2Y1 and P2Y12 are ADP receptors. The
receptor inhibitor used for P2Y1 receptors was MRS2179, and 2Me-SAMP was used to inhibit
the P2Y12 receptor. Human platelets were treated with a combination of ML355 and ADP
receptor inhibitors. As shown in Figure 20, the inhibitory effect of ADP on platelet aggregation
was reversed when the P2Y1 receptor was inhibited, but there was no rescue observed when
using the P2Y12 receptor inhibitor. This leads us to hypothesize that the dense granule secretion
is involved in the ML355 inhibition pathway and it involves mainly signaling through the P2Y12
receptor.

Figure 20 5µM ADP Receptors
Figure 20. No aggregation observed when P2Y12 receptor was inhibited, but ADP rescue was
observed when P2Y1 receptor was inhibited. MRS2179: P2Y1receptor inhibitor; 2Me-SAMP:
P2Y12 receptor inhibitor Error bars indicate SD. *** P < 0.001; **** P < 0.0001. N=8.
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In addition, we noticed that 12-LOX might be a novel target for dual antiplatelet therapy.
According to the previous data collected in our lab, dual inhibition of P2Y1 and 12-LOX
receptors resulted in higher degree of aggregation reduction than inhibition of 12-LOX receptor
or P2Y1 receptor alone. As the inhibition of P2Y12 receptor will cause major bleeding (Damman
et al., 2011), we are interested in the combination of MRS2179 and ML355. Figure 21 shows
aggregation of the platelets with different treatments when no ADP was added. In one
experiment, inhibition of 12-LOX receptor with ML355 reduced the aggregation to 35%, while
the control aggregation was 86%. The inhibition of P2Y1 receptor only did not have too much
effect on the aggregation percentage (88%), but the combination of the inhibition of both 12LOX and P2Y1 receptor reduced the aggregation to 16%.

Figure 21. Dual Therapy (N=1)
Figure 21. Control (with thrombin only) and MRS2179 treated platelets sample had about 82%
aggregation, while ML355 treated sample had only around 35%. There was basically no
aggregation when inhibiting P2Y12 receptor. Using ML355 and MRS2179 together reduced the
aggregation to less than 20%. MRS2179: P2Y1receptor inhibitor; 2Me-SAMP: P2Y12 receptor
inhibitor. N=1.
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More data was collected to support the dual antiplatelet therapy, but the result was not as
expected. No significant difference was found between the inhibition of 12-LOX receptor and
the inhibition of both 12-LOX and P2Y1 receptor (Figure 22). According to the previous data on
dual therapy, there is a tendency to work better if more data was collected.

Figure 22. Dual Therapy (N=8)
Figure 22. Control and MRS2179 treated platelets had about 80% aggregation, while ML355
treated had about 22%. There was no significant difference between the ML355 treated and the
combination of ML355 and MRS2179. MRS2179: P2Y1receptor inhibitor. Error bars indicate
SD. **** P < 0.0001. N=8
In addition, flow cytometry experiments were performed to analyze PAC-1 and PSelectin expression. The data for PAC-1 expression, which indicates the integrin αIIbß3
activation, and P- Selectin expression, a marker of α granules secretion, can be found in Figure
23 and 24, respectively. The ADP rescued both the PAC-1 and P-selectin expression after the
platelets were inhibited with ML355, which indicates that the ADP is upstream of α granule
secretion and integrin αIIbß3 activation. However, similar expression levels were observed for
ADP treated platelet without the addition of thrombin. This leads us to believe the results might
not be accurate and more data needs to be collected.
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Figure 23. PAC-1 Expression
Figure 23. PAC-1 expression indicates the integrin αIIbß3 activation. The first bar from left side
is the control, which has about 3200 mean fluorescence intensity (MFI). The second one was
ML355-treated platelet sample, with about 1800 MFI. However, the platelets with ADP only (the
fourth bar) had a higher MFI than ML355-treated platelets. N=1.

Figure 24. P-Selectin Expression
Figure 24. P- Selectin expression is used as a marker of α granules secretion. The first bar from
left side is the control platelets sample, which has about 1200 mean fluorescence intensity (MFI).
The second one was ML355-treated platelet sample, with about 600 MFI. However, the platelets
with ADP only (the fourth bar) and ML355-treated platelets had about the same MFI. N=1.
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Similar to the data collected from aggregation, ADP rescued the inhibition of 12-LOX
and the P2Y1 receptors, but not for the P2Y12 receptors. The flow cytometry data supported the
hypothesis that the ADP secretion pathway was mainly through the P2Y12 receptor, and the
inhibition of the P2Y1 receptor had minor effects (Figure 25 and 26).

Figure 25. PAC-1
Figure 25. Control had about 3200 MFI, and ADP rescued both ML355- and MRS2179- treated
platelets. When P2Y12 receptor was inhibited (fourth bar from left side), no rescue was observed.
N=1.

Figure 26. P-Selectin
Figure 26. Control had about 1200 MFI, and ADP rescued both ML355- and MRS2179- treated
platelets. When inhibit P2Y12 receptor (fourth bar from left side), less rescue was observed than
the other two (bar 3 and 4). N=1.
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There were some limitations during the experiment. First of all, the total time used for
each experiment was not the same, so that platelets used for later trials might have yielded
inconsistent results. Longer resting time increased the chance that the platelets became active,
leading to the sensitivity changes of the platelets during the experiment. Secondly, some of the
agonists/drugs, like ADP, used in the experiment degrade very fast, so they might not work
effectively for later trials. It is important to note that it took about 3 to 4 hours to finish the
aggregometry assay. In addition, the reaction time for each trial might be different. As the drugs
and agonists need to be added one by one, the wait time (and reaction time) for each well in flow
cytometry and cuvette in aggregometry were not the same.
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Chapter 5

Conclusion and Future Direction

The objective of the research was to find the ADP secretion pathway through 12-LOX
inhibition. To address the question, human blood was used to obtain the platelets and
aggregometry and flow cytometry assays were used for the experiment. The platelets were
treated with the selective 12-LOX inhibitor (ML355), P2Y1 and P2Y12 receptor inhibitors
(MRS2179 and 2Me-SAMP, respectively), thrombin, and /or ADP. The ADP addition was found
to significantly rescue the ML355-treated platelets, but the rescue was not observed when the
P2Y12 receptor was inhibited. It suggests that a significant component of 12-LOX inhibition was
due to the inhibition of dense granule secretion and it is mainly signaling through the P2Y12
receptor. In addition, ADP was found to be upstream of both α granules secretion and the
integrin αIIbß3 activation.
As the previous data obtained in our lab showed the inhibition of both 12-LOX and P2Y1
receptor diminished platelet aggregation to a greater extent compared to single target inhibition
of 12-LOX, more data need to be collected to get a further understanding. In addition, the sample
size of the flow cytometry assay needs to be increased. The research is an ongoing project, and
the mechanisms of how 12-LOX regulates platelet activity and granule secretion will be
addressed in the future.
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Appendix

MRS2179 Preparation

MRS 2179 tetrasodium salt is a selective P2Y1 antagonist and it was from Tocris. The
molecular weight is 513.16 g/mol, with a formula of C11H13N5O9P2Na4. The concentration of
stock solution is 100 mM, and it’s soluble in water.

2Me-SAMP Preparation

2-Methylthioadenosine 5'-monophosphate terethylammonium salt hydrate is an
antagonist for P2Y12 receptor, with a molecular weight of 393.31 g/mol. The empirical formula
is C11H16N5O7PS, and it is soluble in water 20 mg/mL.

Tyrode’s Saline (10X Stock Solution)

Dissolve 80 g NaCl, 2 g KCl, 2.71 g CaCl2•2H2O, 0.5 g NaH2PO4•2H2O, 2 g
MgCl2•6H2O, and 10 g of glucose in 1 L of distilled water. Autoclave for storage, and it needs
to be stored at 4℃ after opening (Protocol updated from Cold Spring Harbor).
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Paraformaldehyde (PFA; 4%)

For each 100-mL solution, dissolve 4 g of PFA in 100 mL of 1X phosphate-buffered
saline for immunohistochemistry over low heat. Store at -20 ℃ after completely dissolved and
cooled. It is good for about one year.

Acid Citrate Dextrose (ACD)

Mix 0.48% (w/v) citric acid, 1.32% (w/v) sodium citrate, and 1.47% (w/v) glucose (from
Cold Spring Harbor Protocols).
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