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Abstract

Background: The Platelet Inhibition and Patient Outcomes (PLATO, Eur J Prev Cardiol 22(6):734–42, 2015) trial shows
that, in patients who have an acute coronary syndrome, treatment with ticagrelor as compared with clopidogrel
significantly reduced the rate of death, but the reason is still uncertain. Both inflammation and vascular endothelian cell
dysfunction play important roles in the pathophysiology of atherosclerotic plaques, but whether ticagrelor has superior
anti-inflammatory effect and can improve vascular endothelial cell function to a great extent is unknown.

Methods/design: Patients with STEMI who are scheduled to undergo emergency percutaneous coronary
intervention (PCI) will be randomly assigned to receive a loading dose of ticagrelor 180 mg as the treatment group
or clopidogrel 600 mg as the control group. After PCI, the treatment group will be treated with ticagrelor 90 mg
twice daily while the control group will be treated with clopidogrel 75 mg once daily. The vascular endothelial
function will be tested by circulating endothelial cells, and levels of inflammation will be tested by CD40 ligand
(CD40L), high sensitivity C-reactive protein (hsCRP) and P-selectin. The estimated enrollment sample size will be 350
patients, including 175 in the treatment group and 175 in the control group.

Discussion: This study will compare the influence of ticagrelor and clopidogrel on inflammatory biomarkers and
vascular endothelial function firstly for STEMI patients receiving emergency PCI and will provide evidence to identify
whether ticagrelor inhibits inflammation and improves vascular endothelial cell function to a greater extent than
clopidogrel or not.

Trial registration: This trial was registered with Clinicaltrials.gov (identifier: NCT02123004) on 20 April 2014.

Keywords: Ticagrelor, Clopidogrel, ST-segment elevation myocardial infarction (STEMI), Anti-inflammatory, Circulating
endothelial cells (CECs)
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Background
Acute myocardial infarction (AMI) is a serious illness haz-
ard to human health and has a high mortality rate. It has
been shown that atherosclerotic plaque rupture causes
serious clinical events. In recent years, the criminal vascular
patency rate has been significantly improved by applying
emergency PCI treatment, but it is still lacking in restor-
ation and protection of damaged myocardium. Inflamma-
tion is a key factor in the development of atherosclerotic
disease and acute coronary syndrome (ACS) [2–5]. Cur-
rently, it is considered that plaque rupture caused by the
joint action of inflammation and vascular endothelial cell
dysfunction leads to AMI, and the concentration of in-
flammatory markers is closely related to the degree of in-
stability and progression of atherosclerotic plaque [6]. In
the review published in Nature Medicine, hypercholester-
olemia and inflammation were described as “partners in
crime” [7]. Therefore, under the premise of recanalization
of occlusions and revascularization, regulating inflamma-
tory reactions of lesions is the key to improving the prog-
nosis of patients with AMI.
Platelets participate in the process of forming and ex-

tending atherosclerotic plaques, and are a source of in-
flammatory mediators [8]. The activation of platelets by
inflammatory triggers may be a critical component of ath-
erothrombosis [9]. Now more and more evidence has
proven that the processes of inflammation and thrombosis
are closely related [10, 11]. Since platelet activation, throm-
bosis and inflammation are closely linked, effective platelet
inhibition may also bring about an anti-inflammatory ef-
fect. Therefore, anti-platelet medicines should have other
functions in addition to anticoagulant effects, and it has
been shown that they have direct or indirect anti-
inflammatory effects in vitro or in vivo [12–14].
Studies have shown that aspirin can inhibit transform-

ing growth factor-β and proliferation of vascular smooth
muscle cell [15, 16], and it is able to lower the activity of
nuclear factor-κB, which is necessary in coding proin-
flammatory mediators such as monocyte chemoattract-
ant protein-1 and interleukin-8 [17, 18].
Independent of the loading or maintenance dose,

patients treated with prasugrel, one of the antiplatelet
medicines, exhibited significantly more potent platelet in-
hibition as determined by adenosine diphosphate, and
collagen-induced aggregation, Ultegra Analyser measure-
ments, and surface expression of platelet endothelial cell
adhesion molecule-1, platelet glycoproteinIIb/IIIa antigen,
and activity with procaspase activating compound-1 anti-
body, glycoprotein Ib, P-selectin, CD40L, platelet glyco-
protein 37, and thrombospondin receptor expression
when compared with those treated with clopidogrel [19].
Prasugrel use with a 60 mg loading dose and 10 mg main-
tenance dose inhibits several markers of platelet activation
and the formation of platelet-monocyte aggregates more

effectively than a 600 mg loading dose and 75 mg main-
tenance dose of clopidogrel [20].
Another antiplatelet medicine, clopidogrel, has been

proved to lower the activities of, for example, inflamma-
tory cytokines, C-reactive protein (CRP), and P-selectin
[12, 13, 21–24]. There is also substantial evidence that
therapy with clopidogrel can lead to reductions in serum
levels of CD40L, CRP, P-selectin, and platelet-leukocyte
aggregate formation in patients with ischemic vascular
disease, especially in patients with ACS receiving PCI
[25]. Chen et al. compared aspirin alone with aspirin
plus clopidogrel (loading dose of clopidogrel 300 mg,
followed by clopidogrel 75 mg daily) for effects on high
sensitivity C-reactive protein (hsCRP) in 115 patients
with non-ST-segment elevation acute coronary syn-
drome (NSTE-ACS) [26]. Mean CRP levels were reduced
at both 7 and 30 days in both groups, and clopidogrel
was significantly more effective than aspirin alone in
lowering CRP.
Integrity loss of vascular endothelial cells is considered to

be a consistent factor of atherosclerotic plaque rupture and
non-atherosclerotic vascular wall rupture events [27–29].
The number of circulating endothelial cells (CECs) in many
vascular injury diseases is significantly elevated [30, 31].
Oxidative stress-mediated endothelial cell injury and a con-
current increase in CECs are seen in many cardiovascular
diseases, including myocardial infarction, unstable angina
[32], and coronary artery disease [33]. Damani et al. [34]
have characterized CECs using the first automated and
clinically feasible CEC three-channel fluorescence micros-
copy assay in 50 consecutive patients with STEMI and 44
consecutive healthy controls. CEC counts were significantly
elevated in myocardial infarction cases versus controls,
with median numbers of 19 and 4 cells/ml, respectively.
CECs from patients with STEMI are heterogeneous in size
and shape and many of them are much larger than CECs
from controls, with multiple nuclei.
Recent work has suggested that, in addition to its pri-

mary effect on platelet function, clopidogrel has anti-
inflammatory capability [25] and enhances endothelial
production of nitric oxide and prostacyclin in tissue cul-
ture [35]. This, in concert with its ability to inhibit
CD40L both in vitro and in vivo [36], suggests that clo-
pidogrel possesses the ability to preserve endothelial
function by a mechanism that might be independent of
its antiplatelet activity. Among other effects, CD40L
blockade stimulates heme oxygenase 1 expression [37].
McClung et al. [38] observed the influence of clopido-
grel treatment on endothelial function in diabetic pa-
tients. The patients with diabetes mellitus had an
elevated number of CECs (mean 79 ± 15 cells/ml of per-
ipheral blood, range 20 to 110). After 4 weeks of therapy
with clopidogrel, 75 mg/day, a marked reduction in the
number of CECs was observed in all subjects to within
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the normal range (mean 10 ± 4 cells /ml, range 0 to 40;
p < 0.001).
Ticagrelor is an oral, reversible, direct-acting inhibitor

of the adenosine diphosphate receptor P2Y12 that has a
more rapid onset and more pronounced platelet inhib-
ition than clopidogrel. The Platelet Inhibition and Pa-
tient Outcomes (PLATO) trial shows that, in patients
who have an ACS, treatment with ticagrelor as com-
pared with clopidogrel significantly reduced the rate of
death from vascular causes, myocardial infarction, or
stroke. Although several studies have attempted to illus-
trate the reason for the results of the PLATO trial, such
as stating that ticagrelor is dependent on adenosine re-
ceptor activation [39], as of yet there is no identified evi-
dence. So what are the roles of an anti-inflammatory
and the CEC enhancing capability? Is ticagrelor superior
to clopidogrel in these two ways?
The DISPERSE 2 (Dose Confirmation Study Assessing

Anti-Platelet Effects of AZD6140 vs Clopidogrel in
NSTEMI 2) trial [40] has compared ticagrelor with clopi-
dogrel in anti-inflammatory ability. This trial included pa-
tients who were hospitalized for NSTE-ACS within the
48 h before study entry, had ischemic symptoms ≥10 min
at rest, and had either biochemical marker evidence of
myocardial infarction or electrocardiographic evidence of
ischemia. The objective of the analysis from the DIS-
PERSE 2 trial was to compare ticagrelor and clopidogrel
for effects on the inflammatory biomarkers CRP, interleu-
kin 6, myeloperoxidase, and soluble CD40 ligand. The re-
sults showed that CRP levels had increased somewhat at
discharge and were reduced only at 4 weeks. Ticagrelor
and clopidogrel appeared not to differ in this study with
respect to the inflammatory biomarkers in patients with
NSTE-ACS [41]. Differences in timing of the measure-
ments, treatment regimens, or patient conditions could
have affected the results.
As we know, STEMI has a very different pathology

compared with NSTE-ACS [42, 43]. Although numerous
relevant experiments have shown that antiplatelet drugs
have direct or indirect anti-inflammatory and endothelial
protective effects, whether ticagrelor is superior to clopi-
dogrel in anti-inflammatory effect and protection of vas-
cular endothelium is not clear. To the best of our
knowledge, this study will be the first one to compare
the influence of these two drugs on inflammatory bio-
markers and vascular endothelial function for patients
with STEMI receiving emergency PCI.

Methods
Study design
This study (https://clinicaltrials.gov/ct2/home regis-
tration: NCT02123004) is a prospective, open-label, mul-
ticenter, clinical study using continuous monitoring with a
clinical research organization.

The study will be conducted at three clinical centers
in China. Up to 350 patients will be enrolled. Those en-
rolled will be assumed to be patients with STEMI who
are scheduled to undergo emergency PCI. The inclusion
and exclusion criteria are showed in Tables 1 and 2,
respectively.
Enrolled patients will be followed up for ≥ 4 weeks, with

four visits during hospitalization and one visit after dis-
charge. During follow-up, blood samples will be collected.

Ethical conduct of the study and informed consent
Ethical approval was obtained from the Ethical Review
Board of Jinan Central Hospital, the Ethical Review
Board of the People’s Hospital of Shandong Provence,
and the Ethical Review Board of the People’s Hospital of
Dezhou City. The trial will be performed in accordance
with ethical principles according to the Declaration of
Helsinki and are consistent with Good Clinical Practice
a applicable regulatory requirements. They will also be
conducted in compliance with applicable local laws and
regulations of each participating center, including data
protection laws, and any requirements imposed by local
competent authorities, ethics committees, and institu-
tional review boards.
Informed consent is obtained from every participant in

the trial.

Objectives
The trial objectives are a) to observe whether ticagrelor
inhibits inflammation and improves vascular endothelial
cell function to a greater extent than clopidogrel in
STEMI patients whether they receive PCI or not, and b)
to observe whether ticagrelor can reduce the serum
levels of inflammatory biomarkers both in coronary and
in peripheral venous in patients with STEMI or not.

Safety objective
The safety objective of this study in patients will be eval-
uated by the occurrence of any adverse event (AE)

Table 1 Inclusion criteria

For inclusion in the study the subject should fulfill the following criteria:

a) Male or non-pregnant female

b) Age ≥ 18 years old and <80 years old

c) Consecutive patients who should be hospitalized with documented
evidence of STEMI receiving PCI

d) All patients have persistent ⩾ 0.2 mV ST-segment elevation in two or
more contiguous precordial leads or ⩾ 0.1 mV ST elevation in two or
more contiguous limb leads, with one of the following: persistent
chest pain or elevation of biomarkers of myocardial necrosis

e) Time from chest pain onset to receiving PCI <12 h

f) Persistent chest pain <12 h

g) Provision of informed consent prior to any study-specific procedures.
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during the 4 weeks follow-up: Suspected bleeding/rein-
farction/rehospitalization/revascularization by PCI or
coronary artery bypass graft/sudden death/stroke/allergic
or allergic-like reactions, or other AEs and serious ad-
verse events (SAEs).

Study procedures
Patients who are scheduled to undergo emergency PCI
will be randomly assigned to receive a loading dose of
ticagrelor 180 mg as the treatment group or clopidogrel
600 mg as the control group. After PCI, the treatment
group will be treated with ticagrelor 90 mg twice daily
while the control group will be treated with clopidogrel
75 mg once daily. The vascular endothelial function will
be tested by CECs, and levels of inflammation will be
tested by CD40L, hsCRP and P-selectin (see Fig. 1).

Collection of study variables
Recording of data
At visit 1, subjects who provide informed consent for
the study will be assigned a number. After patients meet
all study entry criteria and report to the research unit
for the first treatment period, a unique three-digit sub-
ject number from the randomization code is assigned to
each subject.

Data collection at enrollment and follow-up
Each patient will undergo enrollment procedures at visit
1, and all the variables recorded in the clinical chart will
be source data when the patient is in the hospital. At the
day of discharge, the patients will receive a patient diary

Table 2 Exclusion criteria

Subjects should not enter the study if any of the following exclusion
criteria are fulfilled:

a) Involved in other trials

b) In last year have P2Y12 receptor antagonist drug treatment history
or long-term use of immunosuppressive agents

c) Recurrent myocardial infarction or previous history of CABG surgery
or rescue PCI

d) Active bleeding or bleeding history

e) Obvious infection and body temperature (axillary temperature)
higher than 38.0 °C

f) Autoimmune diseases

g) Malignancies

h) In last 6 months have received major surgery

i) Left ventricular ejection fraction is less than 30 %

j) Life expectancy less than one year.

Fig. 1 Study procedure
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to record investigational medication information and
will be told the follow-up visit date for the laboratory
test and clinical examination. Patients will have routine
visits as outlined in Table 3.
Evaluations that are reported in the Case Report Form

must be supported by appropriately signed identified source
documentation related but not limited to the following:

� Agreement, date, and signature of informed consent
mentioning the study identification.

� Patient identification, last participation in a clinical
trial, medical history, associated diseases, and data
related to the studied pathology.

� Previous and concomitant medication.
� Study identification.
� Treatment number, dates of administration.
� Dates of visits and assessments including the

examination report.

� Vital signs, height, body weight. ECG records signed
and dated.

� Adverse events and follow-up:

In the case of an SAE, the site should file in the
source document at least copies of the hospitalization
reports and any relevant examination reports docu-
menting the follow-up of the SAE.

� Date of premature study discontinuation (if any) and
reason.

Source documentation may be found in the
following:

� Patient’s identity.
� Medical history.
� Hospital records.

Table 3 Data to be collected at routine visits

Screening phase Study phase

Evaluation Screening Follow-up

Time −30 min 0 1 hour
(after PCI)

24 hours
(after PCI)

1 week
(after PCI)

4 weeks (±3 days)
(after PCI)

Visit number V0 V1 V2 V3 V4 V5

Design

Inclusion/exclusion criteria x

Informed consent x

Demographics x

Medical/surgical history, allergy history,
alcohol habits, smoking habits

x

Symptom inquiry x x x x x x

Body weight x x

Physical examination x x x x x x

Vital signs: temperature/pulse/respiration/
blood pressure

x x x x x x

18-lead ECG x x x x x x

AE/SAE recording x x x x x x

Treatment adherence x x x x x x

Myocardial necrosis biomarkers x x x x

Laboratory testing/efficacy

CD40l/CRP/P-selectin/CECs x x x x

Laboratory testing/safety

Creatinine x x x x

Uric acid x x x

AST/ALT/TBIL x x x

Blood-routine x x x x

TG/TC/HDL-C/LDL-C x x x

Serum Na+, K+, Cl− x x x x

Urinary albumin x x
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Statistical methods and sample size determination
Description of analysis sets
The primary analysis was proposed to be based on
the intention-to-treat principle. All randomized pa-
tients who had at least one dose of investigational
medication would be included. If a patient withdrew
their informed consent after randomization without
taking any medication, he/she would be excluded
from the analysis. The analysis set according to the
above principle was defined as a modified full analysis
set (mFAS).
If there were other major protocol violations, after the

adjudication by the principle investigator, the corre-
sponding patients would be further excluded from the
per protocol analysis set (PPS).

Efficacy analysis set
The efficacy analysis will be conducted on both the
mFAS and PPS.

Safety analysis set
The safety analysis would be conducted on the mFAS.

Methods of statistical analyses
Categorical variables were described by counts and pro-
portions, and continuous variables were described by
median and interquartile range. Proportions were com-
pared by chi-square tests and continuous outcome by
Mann-Whitney U tests. A two-sided level of significance
of 0.05 was applied to general comparison.
To avoid the multiplicity issue induced by multiple end-

points, the Bonferroni-Holm’s method will be used to con-
trol the overall alpha level. All analyses will be performed
using SAS 9.1.3 (SAS Institute Inc., Cary, NC, USA).

Determination of sample size
� The key endpoints of this study were the changes of

hsCRP, CD40L, P-selectin, and CECs from baseline
to 4 weeks after PCI. The relevant data was limited
in the published literature. For patients with NSTE-
ACS [41] the change of inflammatory markers at
4 weeks had not been observed and the variation of
markers was huge.

� In our study, the target population was patients with
STEMI and PCI. We assume the inflammatory and
endothelial function markers would be different for
ticagrelor and clopidogrel after 4 weeks of
treatment. This study was proposed to detect a
moderate effect size, which means the expected
standardized difference (mean difference/common
standard deviation) between the two treatment
groups was 0.4.

� The fact that there were four key endpoints in this
study led to the multiplicity issue. To control the

overall type I error, the significant level for each
endpoint was set to 0.0125 (0.05/4). Under the
above assumptions, with a two-sided 0.0125 alpha
level and a 20 % dropout rate, 350 patients (175 in
each group) in total would offer 80 % power to
detect the estimated moderate difference between
ticagrelor and clopidogrel among any of the primary
endpoints.

Audits and inspections
Authorized representatives of the institution, a regula-
tory authority, or an ethics committee may perform au-
dits or inspections at the center, including source data
verification.

Discussion
For reasons of economy and the medical care system,
clopidogrel is still the most widely used antiplatelet
medicine in ACS in addition to aspirin [44]. A number
of individuals experience clopidogrel resistance, which
leads to adverse thrombotic events [45]. Although a
study shows that the most common cause of clopido-
grel’s failure in treatment is medication nonadherence,
inter-individual variability in response to clopidogrel is
also an important reason, which is appreciated in up to
30–40 % of patients who received clopidogrel treatment
[46–48]. As another P2Y12R antagonist, ticagrelor is be-
coming a strong competitor to clopidogrel.
Although much progress has been made in the treat-

ment of STEMI, there is still high mortality of patients in
the real world. As a phase III clinical trial, the PLATO trial
compared ticagrelor to clopidogrel in addition to aspirin
in over 18,000 patients with ACS. Results show a signifi-
cant decrease in primary efficacy outcome (composite
endpoint of death from vascular causes, myocardial infarc-
tion, or stroke) at 12 months (9.8 % with ticagrelor versus
clopidogrel 11.7 %; p < 0.001) [49]. The incidence of stent
thrombosis across definitions was reduced in patients re-
ceiving ticagrelor compared with clopidogrel regardless of
type of ACS, presence of diabetes, and stent type [50].
The pathophysiology of ACS is multifactorial. It in-

volves disruption of vulnerable plaque and thrombus
formation, which produces severe myocardial ischemia
and downstream embolization in the coronary vascular
bed, leading to subendocardial or transmural necrosis. All
the above occur in response to inflammation [51, 52].
STEMI is caused by acute total coronary occlusion,
whereas NSTE-ACS is associated with vulnerable plaque
and subocclusive thrombosis. Although the DISPERSE
trial did not find the difference between the two drugs in
NSTE-ACS patients, the big pathology gap between
STEMI and NSTE-ACS deserves more attention to find
the difference in the effects of these two drugs on inflam-
mation and endothelial dysfunction in STEMI patients
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[41]. In addition, more STEMI patients received emer-
gency PCI compared with NSTE-ACS patients, and
STEMI patients will also experience ischemia followed by
rapid reperfusion and are consequently at risk of ische-
mia/reperfusion injury, which will lead to high levels of in-
flammation [53]. After PCI, patients always show better
compliance in taking antiplatelet medicine than no-PCI
patients, so the antiplatelet medicine’s long effect in treat-
ment will be observed in this trial.
To the best of our knowledge, this study is the first

study to compare the influence of ticagrelor and clopido-
grel on inflammatory biomarkers and vascular endothelial
function for patients receiving emergency PCI and will
provide evidence to identify whether or not ticagrelor in-
hibits inflammation and improves vascular endothelial cell
function to a greater extent than clopidogrel.

Trial status
Recruitment began in May 2014 and is ongoing. Seventy
patients have been recruited.

Abbreviations
ACS: acute coronary syndrome; AE: adverse event; AMI: acute myocardial
infarction; CD40L: CD40 ligand; CEC: circulating endothelial cell; CRP: C-
reactive protein; mFAS: modified full analysis set; NSTE-ACS: non-ST-segment
elevation acute coronary syndrome; PCI: percutaneous coronary intervention;
PLATO: Platelet Inhibition and Patient Outcomes trial; PPS: per protocol
analysis set; SAE: serious adverse event; STEMI: ST-segment elevation
myocardial infarction.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors (ZL, YL, TZ, WM, and GS) were involved in the conception, design,
manuscript writing, and final approval of the manuscript.

Acknowledgements
This study is supported by AstraZeneca Investment Co., Ltd (Study Number:
ISSBRIL0249).

Author details
1Department of Cardiology, Jinan Central Hospital, Shandong, China.
2Department of Orthopedics, Jinan Central Hospital, Shandong, China.

Received: 1 April 2015 Accepted: 11 January 2016

References
1. Patel MR, Becker RC, Wojdyla DM, Emanuelsson H, Hiatt WR, Horrow J, et al.

Cardiovascular events in acute coronary syndrome patients with peripheral
arterial disease treated with ticagrelor compared with clopidogrel: data
from the PLATO Trial. Eur J Prev Cardiol. 2015;22(6):734–42.

2. Ridker PM. Inflammatory biomarkers and risks of myocardial infarction,
stroke, diabetes, and total mortality: implications for longevity. Nutr Rev.
2007;65(12 Pt 2):S253–9.

3. Lucas AR, Korol R, Pepine CJ. Inflammation in atherosclerosis: some thoughts
about acute coronary syndromes. Circulation. 2006;113(17):e728–32.

4. Khuseyinova N, Koenig W. Biomarkers of outcome from cardiovascular
disease. Curr Opin Crit Care. 2006;12(5):412–9.

5. Tousoulis D, Antoniades C, Koumallos N, Stefanadis C. Pro-inflammatory
cytokines in acute coronary syndromes: from bench to bedside. Cytokine
Growth Factor Rev. 2006;17(4):225–33.

6. Jawien J. New insights into immunological aspects of atherosclerosis.
Pol Arch Med Wewn. 2008;118(3):127–31.

7. Steinberg D. Atherogenesis in perspective: hypercholesterolemia and
inflammation as partners in crime. Nat Med. 2002;8(11):1211–7.

8. Wagner DD, Burger PC. Platelets in inflammation and thrombosis.
Arterioscler Thromb Vasc Biol. 2003;23(12):2131–7.

9. Ruggeri ZM. Platelets in atherothrombosis. Nat Med. 2002;8(11):1227–34.
10. Gawaz M, Langer H, May AE. Platelets in inflammation and atherogenesis.

J Clin Invest. 2005;115(12):3378–84.
11. Davi G, Patrono C. Platelet activation and atherothrombosis. N Engl J Med.

2007;357(24):2482–94.
12. Yeh ET, Khan BV. The potential role of antiplatelet agents in modulating

inflammatory markers in atherothrombosis. J Thromb Haemost. 2006;
4(11):2308–16.

13. Muhlestein JB. Effect of antiplatelet therapy on inflammatory markers in
atherothrombotic patients. Thromb Haemost. 2010;103(1):71–82.

14. Frelinger 3rd AL, Jakubowski JA, Li Y, Barnard MR, Fox ML, Linden MD, et al.
The active metabolite of prasugrel inhibits ADP-stimulated thrombo-
inflammatory markers of platelet activation: influence of other blood cells,
calcium, and aspirin. Thromb Haemost. 2007;98(1):192–200.

15. Kodama M, Yamasaki Y, Sakamoto K, Yoshioka R, Matsuhisa M, Kajimoto Y,
et al. Antiplatelet drugs attenuate progression of carotid intima-media
thickness in subjects with type 2 diabetes. Thromb Res. 2000;97(4):239–45.

16. Redondo S, Santos-Gallego CG, Ganado P, Garcia M, Rico L, Del Rio M, et al.
Acetylsalicylic acid inhibits cell proliferation by involving transforming
growth factor-beta. Circulation. 2003;107(4):626–9.

17. Martin T, Cardarelli PM, Parry GC, Felts KA, Cobb RR. Cytokine induction of
monocyte chemoattractant protein-1 gene expression in human endothelial
cells depends on the cooperative action of NF-kappa B and AP-1. Eur J
Immunol. 1997;27(5):1091–7.

18. Roebuck KA. Regulation of interleukin-8 gene expression. J Interferon
Cytokine Res. 1999;19(5):429–38.

19. Serebruany VL, Midei MG, Meilman H, Malinin AI, Lowry DR. Platelet
inhibition with prasugrel (CS-747) compared with clopidogrel in patients
undergoing coronary stenting: the subset from the JUMBO study. Postgrad
Med J. 2006;82(968):404–10.

20. Braun OO, Johnell M, Varenhorst C, James S, Brandt JT, Jakubowski JA, et al.
Greater reduction of platelet activation markers and platelet-monocyte
aggregates by prasugrel compared to clopidogrel in stable coronary artery
disease. Thromb Haemost. 2008;100(4):626–33.

21. Jennings LK. Mechanisms of platelet activation: need for new strategies to
protect against platelet-mediated atherothrombosis. Thromb Haemost.
2009;102(2):248–57.

22. Feldman M, Jialal I, Devaraj S, Cryer B. Effects of low-dose aspirin on serum
C-reactive protein and thromboxane B2 concentrations: a placebo-
controlled study using a highly sensitive C-reactive protein assay. J Am Coll
Cardiol. 2001;37(8):2036–41.

23. Azar RR, Kassab R, Zoghbi A, Aboujaoude S, El-Osta H, Ghorra P, et al. Effects of
clopidogrel on soluble CD40 ligand and on high-sensitivity C-reactive protein in
patients with stable coronary artery disease. Am Heart J. 2006;151(2):521. e1–e4.

24. Saw J, Madsen EH, Chan S, Maurer-Spurej E. The ELAPSE (Evaluation of
Long-Term Clopidogrel Antiplatelet and Systemic Anti-Inflammatory Effects)
study. J Am Coll Cardiol. 2008;52(23):1826–33.

25. Steinhubl SR, Badimon JJ, Bhatt DL, Herbert JM, Luscher TF. Clinical
evidence for anti-inflammatory effects of antiplatelet therapy in patients
with atherothrombotic disease. Vasc Med. 2007;12(2):113–22.

26. Chen YG, Xu F, Zhang Y, Ji QS, Sun Y, Lu RJ, et al. Effect of aspirin plus
clopidogrel on inflammatory markers in patients with non-ST-segment
elevation acute coronary syndrome. Chin Med J (Engl). 2006;119(1):32–6.

27. Sluimer JC, Kolodgie FD, Bijnens AP, Maxfield K, Pacheco E, Kutys B, et al. Thin-
walled microvessels in human coronary atherosclerotic plaques show
incomplete endothelial junctions: relevance of compromised structural integrity
for intraplaque microvascular leakage. J Am Coll Cardiol. 2009;53(17):1517–27.

28. Ross R. Atherosclerosis—an inflammatory disease. N Engl J Med.
1999;340(2):115–26.

29. Ross R. The pathogenesis of atherosclerosis: a perspective for the 1990s.
Nature. 1993;362(6423):801–9.

30. Woywodt A, Streiber F, de Groot K, Regelsberger H, Haller H, Haubitz M.
Circulating endothelial cells as markers for ANCA-associated small-vessel
vasculitis. Lancet. 2003;361(9353):206–10.

31. Bull TM, Golpon H, Hebbel RP, Solovey A, Cool CD, Tuder RM, et al.
Circulating endothelial cells in pulmonary hypertension. Thromb Haemost.
2003;90(4):698–703.

Li et al. Trials  (2016) 17:75 Page 7 of 8



32. Mutin M, Canavy I, Blann A, Bory M, Sampol J, Dignat-George F. Direct evidence
of endothelial injury in acute myocardial infarction and unstable angina by
demonstration of circulating endothelial cells. Blood. 1999;93(9):2951–8.

33. Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C, Martin H, et al. Number and
migratory activity of circulating endothelial progenitor cells inversely correlate
with risk factors for coronary artery disease. Circ Res. 2001;89(1):E1–7.

34. Damani S, Bacconi A, Libiger O, Chourasia AH, Serry R, Gollapudi R, et al.
Characterization of circulating endothelial cells in acute myocardial
infarction. Sci Transl Med. 2012;4(126):126ra33.

35. Ziemianin B, Olszanecki R, Uracz W, Marcinkiewicz E, Gryglewski RJ.
Thienopyridines: effects on cultured endothelial cells. J Physiol Pharmacol.
1999;50(4):597–604.

36. Vishnevetsky D, Kiyanista VA, Gandhi PJ. CD40 ligand: a novel target in the
fight against cardiovascular disease. Ann Pharmacother. 2004;38(9):1500–8.

37. Hancock WW, Buelow R, Sayegh MH, Turka LA. Antibody-induced transplant
arteriosclerosis is prevented by graft expression of anti-oxidant and anti-
apoptotic genes. Nat Med. 1998;4(12):1392–6.

38. McClung JA, Kruger AL, Ferraris A, Vanella L, Tsenovoy P, Weiss MB, et al.
Usefulness of clopidogrel to protect against diabetes-induced vascular
damage. Am J Cardiol. 2010;105(7):1014–8.

39. Nanhwan MK, Ling S, Kodakandla M, Nylander S, Ye Y, Birnbaum Y. Chronic
treatment with ticagrelor limits myocardial infarct size: an adenosine and
cyclooxygenase-2-dependent effect. Arterioscler Thromb Vasc Biol.
2014;34(9):2078–85.

40. Cannon CP, Husted S, Harrington RA, Scirica BM, Emanuelsson H, Peters G,
et al. Safety, tolerability, and initial efficacy of AZD6140, the first reversible
oral adenosine diphosphate receptor antagonist, compared with
clopidogrel, in patients with non-ST-segment elevation acute coronary
syndrome: primary results of the DISPERSE-2 trial. J Am Coll Cardiol.
2007;50(19):1844–51.

41. Husted S, Storey RF, Harrington RA, Emanuelsson H, Cannon CP. Changes in
inflammatory biomarkers in patients treated with ticagrelor or clopidogrel.
Clin Cardiol. 2010;33(4):206–12.

42. Fuster V. Understanding the coronary disease process and the potential for
prevention: a summary. Prev Med. 1999;29(6 Pt 2):S9–10.

43. Ayala TH, Schulman SP. Pathogenesis and early management of non-ST-
segment elevation acute coronary syndromes. Cardiol Clin. 2006;24(1):19–35.

44. Packard KA, Campbell JA, Knezevich JT, Davis EM. Emerging antiplatelet
therapy for coronary artery disease and acute coronary syndrome.
Pharmacotherapy. 2012;32(3):244–73.

45. Krishna V, Diamond GA, Kaul S. Do platelet function testing and genotyping
improve outcome in patients treated with antithrombotic agents?: the role
of platelet reactivity and genotype testing in the prevention of
atherothrombotic cardiovascular events remains unproven. Circulation.
2012;125(10):1288–303. discussion 303.

46. Serebruany V, Cherala G, Williams C, Surigin S, Booze C, Kuliczkowski W, et al.
Association of platelet responsiveness with clopidogrel metabolism: role of
compliance in the assessment of “resistance”. Am Heart J. 2009;158(6):925–32.

47. Stone GW, Witzenbichler B, Weisz G, Rinaldi MJ, Neumann FJ, Metzger DC,
et al. Platelet reactivity and clinical outcomes after coronary artery
implantation of drug-eluting stents (ADAPT-DES): a prospective multicentre
registry study. Lancet. 2013;382(9892):614–23.

48. Tantry US, Bonello L, Aradi D, Price MJ, Jeong YH, Angiolillo DJ, et al.
Consensus and update on the definition of on-treatment platelet reactivity
to adenosine diphosphate associated with ischemia and bleeding.
J Am Coll Cardiol. 2013;62(24):2261–73.

49. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al.
Ticagrelor versus clopidogrel in patients with acute coronary syndromes.
N Engl J Med. 2009;361(11):1045–57.

50. Steg PG, Harrington RA, Emanuelsson H, Katus HA, Mahaffey KW, Meier B,
et al. Stent thrombosis with ticagrelor versus clopidogrel in patients with
acute coronary syndromes: an analysis from the prospective, randomized
PLATO trial. Circulation. 2013;128(10):1055–65.

51. Braunwald E. Unstable angina: an etiologic approach to management.
Circulation. 1998;98(21):2219–22.

52. Armstrong EJ, Morrow DA, Sabatine MS. Inflammatory biomarkers in
acute coronary syndromes. Part I: introduction and cytokines. Circulation.
2006;113(6):e72–5.

53. Vilahur G, Badimon L. Ischemia/reperfusion activates myocardial innate immune
response: the key role of the toll-like receptor. Front Physiol. 2014;5:496.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Li et al. Trials  (2016) 17:75 Page 8 of 8


	Abstract
	Background
	Methods/design
	Discussion
	Trial registration

	Background
	Methods
	Study design
	Ethical conduct of the study and informed consent
	Objectives
	Safety objective
	Study procedures
	Collection of study variables
	Recording of data
	Data collection at enrollment and follow-up

	Statistical methods and sample size determination
	Description of analysis sets
	Efficacy analysis set
	Safety analysis set

	Methods of statistical analyses
	Determination of sample size
	Audits and inspections

	Discussion
	Trial status
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



