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Effect of ticagrelor on the serum level of hs-CRP, ESM-1
and short-term prognosis of patients with acute STEMI
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Abstract. The aim of the present study was to observe and
investigate the changes in the serum level of high-sensitivity
C-reactive protein (hs-CRP), the endothelial cell-specific
molecule-1 (ESM-1) and short-term prognosis of patients with
ST-segment elevation myocardial infarction (STEMI) treated
by ticagrelor. We enrolled 107 patients with acute STEMI who
were admitted in the Department of Cardiology for the first time
with occurrence of symptoms, and we successfully performed
emergency operation of percutaneous coronary intervention.
The patients were divided into two groups, 54 patients in
the ticagrelor group (treatment group) and 53 patients in the
clopidogrel group (control group), according to the administra-
tion of ticagrelor or clopidogrel in dual anti-platelet therapy.
Then, we observed the changes at the time of admission, at
24 h, and 4th and 7th day after administration and investigated
the correlations between them and the effect of ticagrelor on
the short-term prognosis of acute STEMI patients. Significant
increases of the serum levels of hs-CRP and ESM-1 were seen
in patients of the two groups 24 h after administration of drugs
with statistically significant differences between the groups
(P<0.05),and on the 4th and 7th day we found a downward trend
with statistically significant differences (P<0.05). The level of
ESM-1 enhanced the increase of hs-CRP, indicating there was
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a positive correlation between ESM-1 and hs-CRP (r=0.535,
P<0.001). A comparison of the occurrence rates of ischemic
outcome event, bleeding and overall adverse events between
the two groups yielded no statistically significant difference
(P>0.05). In conclusion, the present study demonstrates that
ticagrelor can reduce the prevalence of inflammatory reactions
rapidly and stabilize the functions of vascular endothelium to
improve the stability of atherosclerosis plaque and decrease
the occurrence rate of thrombosis as well as ischemic outcome
event without any obvious increase in the risk of bleeding.
Thus, ticagrelor should be recommended in clinical practices
for the treatment of patients with STEMI.

Introduction

As the most severe type of acute coronary syndrome (ACS),
acute ST-segment elevation of myocardial infarction (STEMI),
with the characteristics of acute onset, poor prognosis and
high mortality (1), is caused by the vascular endothelial
injury and rupture of inflammatory and unstable plaque
resulted by coronary atherosclerosis, which can progress to
thrombosis, leading to acute occlusion of culprit vessels to
severe myocardial ischemia, even to myocardial necrosis. At
present, myocardial ischemia-reperfusion, through reopening
the myocardial infarction related arteries by percutaneous
coronary intervention (PCI), has become one of the major
procedures in the treatment of STEMI (2). Particular atten-
tion has been shifted to the research on the pathogenesis of
STEMI, how to prevent thrombosis, reduce the inflammatory
reaction, stabilize the characteristics of plaques and improve
the vascular endothelial functions to preserve the survived
myocardium.

In this study, the objective was set to observe the serum
level changes of high-sensitivity C-reactive protein (hs-CRP),
a major inflammatory marker reflecting the stability of plaque,
and the endothelial cell-specific molecule-1 (ESM-1), the newly
found biological marker reflecting the degree of disturbance
of endothelial functions of patients with acute STEMI. Our
results confirm the correlation between hs-CRP and ESM-1
and the effect of ticagrelor on the short-term prognosis of
acute STEMI patients, which serves as reference for research
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in effective therapy to alleviate the inflammatory reaction,
stabilize the endothelial functions and reduce the prevalence
of adverse events of cardiovascular system.

Materials and methods

Clinical material. We continuously enrolled 107 patients who
were admitted to the Xuzhou Center Hospital (Jiangsu, China)
between December 2013 and January 2015 for acute STEMI,
accepted the procedure of PCI and met the inclusion criteria.
There were 62 males and 45 females aged 30-70 years. After
obtaining written informed consent, we randomly divided
these patients into two groups according to the administration
of ticagrelor or clopidogrel during the therapy, 54 patients
in the ticagrelor group (treatment group: Load dosage of
180 mg, maintenance dosage of 90 mg/time, twice a day) and
53 patients in the clopidogrel group (control group: Load dosage
of 300 mg, maintenance dosage of 75 mg/time, once a day),
and performed follow-up by telephone for 30 days after the
discharge of the enrolled patients. All the cases corresponded
with the definition of acute myocardial infarction of the Third
Global Seminar of ESC/ACCF/AHA/WHF and the Diagnostic
Criteria of Acute Myocardial Infarction stipulated by the
Chinese Society of Cardiology (2010) (3,4). Exclusion criteria
were: i) Patients who would have severe adverse reaction to
ticagrelor or were resistant to clopidogrel; ii) patients with a
history of myocardial infarction or with other heart diseases
and/or severe heart failure (NYHA III or IV); iii) patients who
had severe hepatic or renal dysfunction; iv) patients who had
history of PCI or coronary artery bypass grafting (CABG) or
had accepted other types of surgeries or been injured recently;
v) patients with endocrine diseases such as diabetes, and
immune system diseases such as acute or chronic infections,
digestive tract infections, hematological diseases, malignant
tumors, rheumatic disease of connective tissues; vi) patients
with severe hypertension without any drug controls, cere-
brovascular diseases or peripheral vascular disease; and
vii) patients who had any conditions deemed inappropriate by
researchers for inclusion in the study.

Baseline material. The baseline material of patients included
the gender, age, body mass index (BMI), risk factors of
cardiology [smoking, intake of alcohol, hypertension, family
medical history of coronary heart disease, the level of total
cholesterol, low-density lipoprotein (LDL), high-density
lipoprotein (HDL) and triglyceride], the drugs utilized during
the study (administration of low-molecular-weight heparin,
IIb/I1a glycoprotein inhibitors, B-receptor inhibitor, ACEI,
statins, CCB, nitrates, PPIs, H2R A), count of platelet, levels of
glutamic oxaloacetic transaminase (GOT), glutamic-pyruvic
transaminase (GPT), creatinine, urea nitrogen, blood glucose
under stress and ejection fraction (EF).

Measurement of hs-CRP. Venous blood (5 ml) was drawn
from the elbow of each subject at the time of admission, 24 h
after administration of drugs and 5 ml of fasting venous blood
was drawn from the same site of patients in the morning of
the 4th and 7th day after administration. The supernatant
of samples was collected for analysis by BN II Automatic
Analyzer of Protein (Siemens AG, Munich, Germany) and
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measurement of hs-CRP by chemiluminescence with the
measurement agent of hs-CRP.

Measurement of ESM-1. Venous blood (5 ml) was drawn from
the elbow of each subject at the time of admission, 24 h after
administration of drugs and 5 ml of fasting venous blood was
drawn from the same site of patients in the morning of the 4th
and 7th day after administration. Samples were required to be
in a supine position for =20 min without any procedures for
anti-coagulation and then immediately placed at 4°C to coagu-
late for 1 h. Samples were centrifuged at 1,760 x g for 15 min
under 4°C, and the serum were drawn into EP tubes and stored
at -80°C for measurement. The expression level of EMS-1 was
measured by ELISA, and the ELISA kits were provided by
Shanghai Enzyme-linked Biotechnology Co., Ltd. (Shanghai,
China).

Observation of primary efficacy endpoint. A 30-day follow-up
was performed for the patients in the two groups and the items
for statistical analysis included the following: i) The occur-
rence rate of ischemic endpoint events, including cardiac
death, acute myocardial infarction, symptoms with the urgent
need of performing coronary revascularization, or stroke;
and ii) occurrence rate of bleeding events, i.e., identifying the
occurrence rate of major safety endpoint events (bleeding)
during hospitalization and in 30 days after surgery according
to PLATO, including major bleeding events (life-threatening
or lethal events), other major bleeding events, secondary
bleeding events and slight bleeding events, i.e., other bleeding
events that did not need any medical intervention, such as
bruise, gingival bleeding, bleeding at the injection site (5).

Statistical analysis. Data analysis was performed using
SPSS 22.0 (SPSS, Inc., Chicago, IL, USA). Quantitative data
were presented as mean + standard deviation (SD). A normality
test was conducted for quantitative data. If the data were
correspondent with the normal distribution, an independent
t-test was applied in difference analysis of quantitative data of
two groups; if not correspondent with normal distribution, the
Mann-Whitney rank sum test was utilized for the difference
analysis of quantitative data of two groups. Quantitative data
were presented as cases or percentage (n/%), tested by ¥* test
or Fisher's exact test. Difference with P<0.05 was consid-
ered statistically significant. For correlation analysis among
variables, if the distribution of variables were correspondent
with bivariate normal distribution, Pearson's product-moment
correlation analysis was performed and if not correspondent
with bivariate normal distribution or ranked data, Spearman's
rank correlation analysis was applied. P<0.05 was considered
to indicate a statistically significant difference.

Results

Comparison of baseline material in the groups. In the two
groups, no statistically significant differences (P>0.05) were
found following a comparison of gender, age, BMI, risk factors
of cardiology (smoking, intake of alcohol, hypertension, family
medical history of coronary heart disease, the level of total
cholesterol, LDL, HDL and triglyceride). The results obtained
from different treatments during the study (administration of
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Table I. Comparison of baseline material of patients in the two
groups.

Treatment Control
group group
Variables (N=54) (N=53) P-value
Gender (male/female) 31/23 31/22 0910
Age (years) 53.28+11.85 52.49+11.69 0.730
BMI (kg/m?) 24.80+2.55 2421246 0226
Risk factors of
cardiology, n (%)
Smoking 26 (48.1) 25 (47.2) 0919
Intake of alcohol 30 (55.6) 27 (50.9) 0.633
Hypertension 21 (38.9) 24 (45.3) 0.503
Family medical history 509.3) 4(7.5) 1.000
of coronary heart disease
TC (mmol/l) 4.88+0.55 4.75x0.66  0.290
LDL-C (mmol/l) 309041  3.18x040 0.272
TG (mmol/l) 1.354043  1.33x043  0.785
Drugs utilized during
the study, n (%)
Low molecular 54 (100.0) 53 (100.0) -
weight heparin
IIb/IIa glycoprotein 24 (44 4) 23 (434) 0913
inhibitors
[B-receptor inhibitor 43 (79.6) 45 (84.9) 0.475
ACEI/ARB 41 (75.9) 40 (75.4) 1.000
Statins 54 (100.0) 53 (100.0) 1.000
CCB 18 (33.3) 19 (35.8) 0.784
Nitrates 47 (87.0) 45 (84.9) 0.751
PPIs 28 (51.9) 30 (56.6) 0.622
H2RA 13 (24.1) 12 (22.6) 0.861
GOT (u/1) 39.39+8.50 41.45+696 0.174
GPT (u/1) 3456545 35.50+6.76 0433
Creatinine (xmol/l) 88.38+11.09 85.11+9.90  0.111
Urea nitrogen (mmol/I) 6.88+1.65 6.55+1.92 0.343
Blood glucose under 7.67£230  7.99+242 0483
stress (mmol/l)
EF 0.50+0.04 0.49+0.06 0.511

No statistically significant differences were found in comparison to
baseline material in the groups (P>0.05). BMI, body mass index;
LDL, low-density lipoprotein; GOT, glutamic oxaloacetic transaminase;
GPT, glutamic-pyruvic transaminase; EF, ejection fraction.

low-molecular-weight heparin, IIb/IIla glycoprotein inhibi-
tors, B-receptor inhibitor, ACEI, statins, CCB, nitrates, PPIs,
H2RA), count of platelet, levels of GOT, GPT, creatinine, urea
nitrogen, blood glucose under stress and EF are presented in
Table I.

Comparison of serum levels of hs-CRP and ESM-1 in the two
groups. No statistically significant differences were found in
the comparison of serum levels of hs-CRP and ESM-1 between
the two groups at the time of admission, but significant
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Figure 1. Comparison of serum level of hs-CRP of patients at different
time-points in the groups. “Comparison between treatment and control
groups (P<0.05). hs-CRP, high-sensitivity C-reactive protein.
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Figure 2. Comparison of serum level of ESM-1 of patients at different
time-points in the groups. “Comparison between treatment and control
groups (P<0.05). ESM-1, endothelial cell-specific molecule-1.

increases of serum levels of hs-CRP and ESM-1 were seen in
patients of the two groups 24 h after administration of drugs
with statistically significant differences between the groups
(P<0.05), and in the 4th and 7th day we found a downward
trend with statistically significant differences (P<0.05)
(Table II and Figs. 1 and 2).

Correlation between serum levels of ESM-1 and hs-CRP
of patients at the time of admission. To investigate the
correlation between serum levels of ESM-1 and hs-CRP, we
performed Spearman's bivariate analysis. The level of ESM-1
was enhanced with the increase of inflammatory factors,
indicating there was a positive correlation between ESM-1 and
hs-CRP (r=0.535, P<0.001) (Table III and Fig. 3).

Comparison of major efficacy endpoint events of 30 days
in the two groups. In comparison of the occurrence rates of
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Table II. Comparison of serum levels of hs-CRP and ESM-1 in the groups.

Variables Treatment group (N=54) Control group (N=53) P-value
hs-CRP (mg/1)
At the time of admission 7.83+2.84 791£2.72 0.779
24 h after administration of drugs 26.07+5.34 27.89+6.50 0.002
4th day after administration of drugs 12.46+4.00 14.81+5.51 0.001
7th day after administration of drugs 6.15+1.67 7.03+2.31 0.011
ESM-1 (mg/l)
At the time of admission 1.13+0.15 1.12+0.18 0.806
24 h after administration of drugs 1.20+0.18 1.27+0.19 0.046
4th day after administration of drugs 1.13+0.17 1.20+0.18 0.045
7th day after administration of drugs 1.05+0.16 1.12+0.16 0.012

hs-CRP, high-sensitivity C-reactive protein; ESM-1, endothelial cell-specific molecule-1.

Table III. Analysis of the correlation among hs-CRP and
ESM-1.

Table IV. Comparison of major efficacy endpoint events of
30 days in the two groups.

Variables hs-CRP
ESM-1
r 0.535
P-value <0.001
hs-CRP, high-sensitivity C-reactive protein; ESM-1, endothelial
cell-specific molecule-1.
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Figure 3. Scatter diagram of correlation between serum levels of hs-CRP
and ESM-1. hs-CRP, high-sensitivity C-reactive protein; ESM-1, endothelial
cell-specific molecule-1.

ischemic outcome events, bleeding and overall adverse events
between the groups, we found no statistically significant
difference (P>0.05) (Table IV).

Discussion

Ticagrelor, one of the newly developed cyclo-pentyl-triazolo-
pyrimidines (CPTPs), is an oral preparation of P2Y12 receptor

Treatment Control
group group
Variables (N=54) (N=53) P-value
Ischemic endpoint 1(1.9) 3(5.7) 0.363
events, n (%)
Cardiac death 1(1.9) 1(1.9) 1.000
Acute myocardial 0(0.0) 1(1.9) 1.000
infarction
Emergency coronary 0(0.0) 0(0.0) -
revascularization
Stroke 0(0.0) 1(1.9) 1.000
Bleeding events, n (%) 509.3) 4(7.5) 1.000
Major bleeding events 0(0.0) 0(0.0) -
Other major bleeding events 00.0) 0(0.0) -
Secondary bleeding events 1(1.9) 1(1.9) 1.000
Slight bleeding events 4(74) 3.7 1.000
Total adverse events, n (%) 6(11.1) 7(132) 0.740

antagonist. Compared with other P2Y12 receptor antagonists
such as clopidogrel or prasugrel, ticagrelor could, without
metabolic activation, exert its effect immediately after oral
administration with a median peak-reaching time of 1.5 h,
and combine with the P2Y12 receptor reversibly, resulting in a
rapid recovery of platelets after drug withdrawal. Additionally,
they affected the migration of inflammatory cells to exert
other pharmacological effects through suppression on P2Y12
receptor distributed on the surface of inflammatory cells such
as microglial cells, neutrophils, dendritic cells and mono-
nuclear macrophages (6,7).

As an indicator of inflammation with high sensitivity and
specificity, hs-CRP interacted with vascular endothelium cells
and other cells to accelerate the process of vascular inflamma-
tory reaction, making the plaques inside the coronary artery
more unstable, even rupture, leading to a series of pathological



and physiological processes such as leukocyte adhesion,
activation and oxidation of platelets and newly developed
thrombosis. hs-CRP has served as an independent predictive
factor for ACS and is of significance in identification of inflam-
matory reaction, predicating the stability of plaque and cardiac
events (8,9). In this study, we found that serum level of hs-CRP
of treatment group was lower than that of control group ay
24 h, and 4th and 7th day after administration of drugs with
statistically significant differences (P<0.05), indicating the
superiority of ticagrelor to the clopidogrel in suppressing
the vascular inflammatory reactions. Anti-platelet drugs
effectively restrained the process of atheromatous plaques not
only by inhibiting the coagulation of platelet and thrombosis,
but also possibly through the improvement in ischemic and
oxygen-deficient environment and suppression on the immune
inflammatory reactions.

First found and reported in 1996, ESM-1, also known as
Endocan, is mainly secreted by endothelial cells (10). Research
has shown that ESM-1 may be a new biological marker for
endocrine function disorder. Lassalle et al found that ESM-1
was highly expressed in atheromatous plaques, speculating that
the increase in secretion of ESM-1 may promote the migration
and proliferation of vascular smooth muscle cells (VSMCs)
and that ESM-1 may play a role in the pathology of atheroscle-
rosis (11). Kose ef al (12) reported that an increase of ESM-1
expression was seen in the subjects, inferring that ESM-1
may be a new biological marker for endothelial pathology.
Furthermore, Tadzic ef al confirmed that the decrease of
ESM-1 could reduce the activation of endothelial cells, thus
delaying the progress of atherosclerosis (13). In the present
study, we found that ticagrelor and clopidogrel alleviated the
effect of ESM-1 in varying degrees, and statistically significant
differences were found in comparison of ESM-1 in ticagrelor
group and clopidogrel group at 24 h, and 4th and 7th day after
administration of drugs (P<0.05), indicating that ticagrelor
could better improve the endothelial functions.

To confirm the role of ESM-1 in the progress of STEMI,
we performed a correlation analysis for ESM-1 and hs-CRP,
and it was found that the level of ESM-1 enhanced the
increase of inflammatory factors, indicating there was a
positive correlation between ESM-1 and hs-CRP (r=0.535,
P<0.001). Thus, ESM-1, the marker of endothelial function
disorder, and inflammatory factors such as hs-CRP partici-
pated in the cause and progression of coronary heart disease
and acute events of coronary artery, in which ESM-1 acti-
vated the emission of inflammatory factors such as hs-CRP,
and inflammatory factors in turn, promoted the expression of
ESM-1. This has rarely been reported in the literature. Thus,
future investigations are to examine the correlation between
ESM-1 and ACS.

In this study, we found no statistically significant
differences (P>0.05) in comparison of occurrence rate of
ischemic endpoint events in 30 days in two groups, which
was consistent with the results in literature (14), possibly due
to the small number of samples. In addition, there was no
statistically significant difference in comparison of occurrence
rate of bleeding events (P>0.05), suggesting that no significant
increase was seen in risk of bleeding events in ticagrelor group
compared to the clopidogrel group and ticagrelor is safe and
effective for patients.
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In conclusion, ticagrelor, in the treatment of patients with
STEMI, can decrease the level of inflammatory factors, reduce
the prevalence of inflammatory reactions rapidly and stabilize
the functions of vascular endothelium to improve the stability
of atherosclerosis plaque and decrease the occurrence rate
of thrombosis as well as ischemic outcome events without
any obvious increase in the risk of bleeding. Thus, ticagrelor
should be recommended in clinical practice.
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