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Circulating soluble P-selectin (sP-selectin), a biomarker of platelet activation
is substantially increased in patients with acute myocardial infarction (AMI).
However, the circulating level of sP-selectin in patients in the early (onset of
AMI > 12 h but < 7 d) or recent (onset of AMI > 8 d but < 21 d) phase after
AMI remains unclear. The purpose of this study was to prospectively evalu-
ate whether the circulating level of sP-selectin remains elevated in these two
consecutive phases after an AMI.

Blood samples were collected in the catherization room before coronary
angiography to assess the circulating level of sP-selectin. A total of 53 con-
secutive patients, 34 with early M1 (group 1) and 19 with recent MI (group
2), who had had no prior thrombolytic therapy were included. Circulating
levels of sP-selectin were also measured in 30 risk control (stable angina)
subjects undergoing €elective percutaneous coronary intervention and in 20
healthy subjects who comprised the healthy control group.

The circulating level of sP-selectin did not differ between patients with early
AMI and those with recent MI (p = 0.632). However, the plasma level of sP-
selectin was significantly higher in group 1 and 2 patients than in the risk
control and healthy control subjects (all p values < 0.0001).

Circulating sP-selectin was elevated in patients 12 hours to 7 days after AMI
and the elevation was maintained until 21 days after AMI. Therefore, investi-
gation of longer utilization of anti-platelet and anti-inflammatory agents for
patients following AMI might be worthwhile.

(Chang Gung Med J 2005; 28:613-20)

Key words: Soluble P-selectin, early or recent myocardial infarction.

N umerous studies have indicated that the acute

This process subsequently leads to development of

inflammatory response, as evoked by the cellu-
lar interaction of platelets, leukocytes and endotheli-
um, plays a pivotal role in thrombus formation.*2

acute coronary syndromes.® Other studies have
demonstrated that endothelial adhesion molecules
and human P-selectin mediate granulocyte binding to
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blood vessels and the myocardium in the ischemic
human heart® to mediate further cardiomyocyte
damage.

P-selectin, a cellular adhesion molecule of
platelets and endothelial cells stored in both the « -
granules of the platelets and in the Weibel-Palade
bodies of the endothelial cells,“9 is rapidly expressed
on the surface of activated platelets and endothelial
cells.®" Furthermore, P-selectin binds to leukocytes
under conditions of turbulent flow and modulates the
initial tethering and rolling of these leukocytes.®®
Moreover, P-selectin together with endothelial adhe-
sion molecules, such as vascular cell adhesion mole-
cule-1 and intercellular adhesion molecule-1, partici-
pates in the platelet-leukocyte-endothelia cell inter-
action.™

Recent studies have demonstrated that the plas-
ma level of soluble P-selectin (sP-selectin), aform of
P-selectin, substantially increases in patients with
acute myocardial infarction (AMI).4% However, no
data is available regarding the circulating levels of
sP-selectin in patients with early or recent MlI.
Therefore, the purpose of this investigation was to
evaluate the circulating levels of sP-selctin in
patients 12 hoursto 3 weeks after an acute M.

METHODS

Study patients

Patients who experienced post MI angina were
considered eligible for percutaneous coronary inter-
vention (PCI). For the purpose of this study, the plas-
ma levels of sP-selectin of al patients undergoing
elective PCl were prospectively evaluated. Blood
samples were drawn after vascular puncture before
coronary angiography was performed in the cardiac
catheterization laboratory. Patients with a history of
rena insufficiency (creatinine > 1.5 mg/dL), malig-
nancy, febrile disorders, acute or chronic inflamma-
tory disease at the beginning of the study, history of
recent infection, gross hemolysis of the blood sam-
ple, or immunosuppressive therapy, were excluded to
ensure that other variables would not influence the
plasma levels of sP-selectin. Between November
2002 and September 2003, 65 consecutive adult
patients with post infarction angina who were sched-
uled for an elective PCI in our hospital were
prospectively investigated and recruited. Twelve
(18.5%) of the 65 patients were subsequently exclud-
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ed due to fever (three patients), infection (two
patients), gross hemolysis (three patients), or
impaired renal function (four patients). Therefore,
the remaining 53 patients constituted the study popu-
lation. Forty two patients (group 1) were diagnosed
with AMI 12 hours to 8 days previously, and 23
(group 2) were diagnosed with AMI 8 to 21 days
previously.

Thirty subjects (group 3) matched for age, gen-
der, hypertension, diabetes mellitus, current smoking
and hypercholesterolemia served as risk control sub-
jects. Twenty healthy age- and gender-matched vol-
unteers (group 4) were also investigated at healthy
clinics. Informed consent was obtained from all sub-
jects. The Institutional Review Committee on
Human Research in our institution approved the pro-
tocol.

Procedure and protocol

A transradial artery approach using a 6 F arteria
sheath was routinely applied for AMI in our hospital
unless Allen’s test was positive. A 6 F Kimny
Miniradi (Boston Scientific, Scimed, Inc. Maple
Grove, MN, USA) was used for both diagnosis and
primary PCI.

Tirofiban therapy (loading dosage of 20 «g/kg
of body weight) was administered to patients upon
presentation in the emergency room, followed by a
maintenance infusion of 0.15 xg/min for 18 to 24
hours after the procedure. Clopidogrel (300 mg load-
ing dose after stenting then 75 mg/day) was given for
at least four weeks to patients who underwent prima-
ry stenting and aspirin (100 mg orally once a day)
was administered to each patient indefinitely.

Blood sampling, laboratory investigations and
assays

Blood samples were obtained once in both
healthy control subjects during clinic examinations
and patients with stable angina (risk control subjects)
in the cardiac catheterization room. White blood cell
(WBC) counts and biochemical measurements were
determined by standard laboratory methods.

The concentration of sP-selectin was measured
using a standard enzyme-linked immunosorbent
assay (ELISA) with a commercialy available kit (R
and D Systems; Minneapolis, MN, USA). The
method for the ELISA has been described in detail in
our previous report.*? The assay was sensitive to
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less than 0.5 ng/ml of P-selectin, according to the
manufacturer of the assay kits. We assessed the intra-
individual variability of sP-sectin levels in study
patients, risk control subjects, and healthy control
subjects. The mean intra-assay coefficients of vari-
ance were 4.93%, 4.71%, and 4.34%, respectively.

Definitions

Early AMI was defined as > 12 hrsto < 7 days
after AMI and recent M1 was defined as = 8 days <
21 days after AMI. The diagnosis of AMI was based
on following criteria: (1) a history of typical chest
pain lasting for more than 30 minutes with either
ST-segment elevation or a pathologic Q wave in two
consecutive inferior, lateral or precordial leads; (2)
typical chest pain lasting for more than 30 minutes
with a new onset of complete left bundle branch
block or (3) angiographic findings of an occluded
coronary vessel with any one of the following crite-
ria. elevated creatine kinase (CK) with CK-MB frac-
tion > 4%, an elevated myoglobin or an elevated car-
diac subtraction of Lactic Dehydrogenase levels on
at least one occasion, new electrocardiogram changes
suggestive of ischemia or new wall motion abnor-
malities on an echocardiogram.

Statistical analysis

Data were expressed as mean + SD. Categorical
variables were compared using the Chi-square test or
Fischer’s exact test. Continuous variables among the
4 groups were compared using one-way ANOVA for
parametric data and the Kruskal-Wallis test for non-
parametric data. The Wilcoxon rank-sum test with
Bonferroni’s correction was used for the post hoc
multiple comparison procedure for non-parametric
data. Statistical analysis was performed using SAS
statistical software for Windows version 8.2 (SAS
Institute, Cary, NC, USA). A probability value <
0.05 was considered statistically significant.

RESULTS

Baseline characteristics of study patients, angi-
na patients and normal control subjects (Table
1)

There were no age differences between goups.
However, there were more men in group 1 and group
2 than in the risk control and healthy subject groups.
The incidence of current smoking was significantly
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higher in groups 1 and 2 patients than in the risk con-
trol subjects. However, there were no significant dif-
ferences in other coronary artery risk factors among
group 1 patients, group 2 patients and risk control
subjects. Additionally, group 1 and group 2 patients
and the risk control subjects did not significantly dif-
fer in terms of previous M1 or previous stroke. At the
commencement of the study, aspirin was used more
often and simvastatin less often by both group 1 and
group 2 patients than the risk control subjects.
Laboratory findings demonstrated the WBC count
was significantly higher in group 1 and group 2
patients than in either the risk control or healthy con-
trol subjects.

The duration of time since AMI (from onset of
chest pain to blood sampling) was noticeably longer
in group 2 than in group 1 patients. No significant
differences appeared in terms of anterior wall infarc-
tion, advanced congestive heart failure (defined as
congestive heart failure = class 3 of the New York
Heart Association Functional Classification), multi-
vessel disease, or pre-interventional thrombolysis in
myocardial infarction flow < 1.

Comparison of sP-selectin between study
patients and control subjects

Circulating levels of sP-selectin in study
patients and control subjects are shown in the Figure.
The plasma level of sP-selectin did not differ
between group 1 and group 2 patients (47.4 + 21.5
vs. 48.8 £ 15.2, p = 0.832). Additionaly, the plasma
level of sP-selectin aso did not differ between risk
control and normal control subjects (33.7 £ 15.6 vs.
29.5 *+ 6.3, p = 0.607). However, the plasmalevel of
sP-selectin in group 1 and group 2 was significantly
higher than in the risk control and healthy control
subjects (p < 0.0001) (Figure).

DISCUSSION

In vitro study has shown that sP-selectin can be
upregulated during AMI. Other studies have found
that circulating levels of sP-selectin markedly
increase in patients following AMI.%% However,
there appears to be no available data regarding circu-
lating levels of sP-selectin in patients with early or
recent MI. To our knowledge, this study was the first
concerning the circulating level of sP-selectin and its
course from the early to late stages of MI.
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Table 1. Baseline Characteristics of Study Patients, Risk Control Subjects and Healthy Control Subjects*

Varisbles Group 1 Group 2 Risk control Normal control D
(n=34) (n=19) (n=230) (n=20)
Age 621 +£95 619 + 115 65.3 +£89 59.1 +8.0 0.163
Men 88.2% (30) 89.5% (17) 56.7% (17) 50.0% (10) 0.001
Current smoking 61.8% (21) 57.9% (11) 30.0% (9) — 0.028
Hypertension 58.8%(20) 52.6% (10) 46.7% (14) — 0.623
Diabetes mellitus 29.4% (10) 31.6% (6) 30.0% (9) — 0.986
Hypercholesterolemia 47.1% (16) 42.1% (8) 43.3% (13) — 0.928
Previous M| 11.8% (4) 10.5% (2) 16.7% (5) — 0.843
Previous stroke 11.8% (4) 10.5% (2) 3.3% (1) — 0.525
Current medications
Aspirin 55.9% (19) 63.2% (12) 26.7% (8) — 0.018
Clopidogrel 14.7% (5) 21.1% (4) 13.3% (4) — 0.798
Statins 23.5% (8) 31.6% (6) 56.7% (17) — 0.020
ACE inhibitors 20.6% (7) 42.1% (8) 40.0% (12) — 0.152
WBC counts' 89 £31° 94 £3.00 6.1 £15° 50 £1.0° 0.0169
*AMI duration (day)* 33+ 17 127 £4.0¢ — — < 0.0001
Anterior infarction 50.0% (17) 47.4% (9) — — 0.854
sAdvanced CHF 14.7% (5) 15.8% (3) — — 1.000
Multi-vessel disease 52.9% (18) 52.6% (10) — — 0.983
Pre-PCI TIMI flow < 1 70.6% (24) 68.4% (13) — — 0.869

Abbreviations: AMI: acute myocardial infarction; ACE: angiotensin converting enzyme; CHF: congestive heart failure; PCI: percuta-
neous coronary intervention; TIMI: thrombolysisin myocardial infarction; WBC: white blood cell.

* Values are given as mean vaue =+ SD or No. (%), unless otherwise indicated.

T Meanswith different letters (a, b) indicate significant difference (at 0.05 level) by Wilcoxon Rank-Sum test with Bonferroni’s correction.
T AMI duration was defined as the time from chest pain to blood sample collection.

§ Advanced congestive heart failure (CHF) was defined as New York Association classification = 3.

The crucial finding in the present study was that
the circulating levels of sP-selectin were substantial-
ly higher in patients with early or recent Ml than in
either healthy control subjects or risk control sub-
jects. A second important discovery was that the cir-
culating levels of sP-selectin did not vary between
patients with early M| and patients with recent MlI.
Therefore, our findings extend those of previous
studies**) because the circulating level of sP-
selectin was not only significantly elevated in the
acute stage of MI@9 but was also persistently ele-
vated from the acute stage through the late stages of
MI.

This investigation has two striking clinical
implications. First, platelet activation is persistently
enhanced after myocardial infarction. This sugges-
tion is based on a previous study which claimed that
sP-selectin is a new marker of platelet activation.®
Our contention is further corroborated by a recent
study®® demonstrating that platelet activation

remains significantly higher in patients 90 days after
an ischemic stroke than in healthy control subjects.
We hypothesize that patients with AMI due to plaque
rupture from coronary atherosclerosis may be clini-
cally similar to patients with ischemic stroke due to
sudden occlusion from cerebrovascular atheroscle-
rotic disease. Therefore, the persistently enhanced
platelet activation which has been found in stroke
patients either due to diffuse atherosclerotic
lesions,™ or the vascular damage due to the stroke®
was also present in our patients, as reflected by per-
sistently elevated circulating sP-selectin.
Accordingly, we conclude that our finding is of clini-
cal importance because it provides additional useful
information for daily clinical practice in regard to the
longer-term use of effective and potent anti-platelet
agents in patients in the clinical setting of AMI.
This conclusion is supported by a previous study
demonstrating that patients with high platel et reactiv-
ity have significantly higher untoward cardiac events
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Figure Comparison of circulating levels of soluble P-selectin (sP-selectin) among the control subjects and study patients. White,
shadowed, gray, and black bars represent the plasma levels of sP-selectin in healthy control subjects, risk control subjects, group 1
and group 2 patients, respectively. * p = 0.607 vs. healthy control; T p = 0.832 vs. group 2 patients; ¥ p < 0.0001; § p < 0.0001 com-

pared with both the risk control subjects and healthy control subjects.

after a PCI than patients with low platelet reactivi-
ty.®? The second striking clinical implication of this
investigation is that an inflammatory process was
maintained through the recent phase of myocardial
infarction in our patients. This implication is sup-
ported by the fact that the circulating WBC count
was found to be significantly higher in patientsin the
early and recent phases of myocardial infarction than
in either healthy control or risk control subjects. A
previous study has suggested that the formation of
sP-selectin on platelet activation may have biological
implications in mediating leukocyte recruitment.®®
This evidence could explain why the WBC count
remained substantially higher in our patients three
weeks after AMI than in the control subjects.
Additionally, another study has shown that leukocyte
accumulation promoting fibrin deposition is mediat-
ed in vivo by P-selectin on adherent platelets.®
Accordingly, we contend that the persistently elevat-
ed circulating WBC counts found in this investiga-

Chang Gung Med JVol. 28 No. 9
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tion could directly participate in enhancement of
intracoronary thrombus formation, maintain an
occluded pattern in the infarct-related artery and fur-
ther damage the myocardial cells, as well as maintain
an inflammatory reaction in patients. Our findings,
based on previous reports,®® laboratory investigation
and clinical observation, that more than 68% of our
patients had totally occluded infarct-related arteries
following an early and/or recent M| were further
supported by a recent study which showed that P-
selectin mediates granulocyte binding to myocardi-
um.® This, in turn causes damage to the cardiomy-
ocyte. Furthermore, growing numbers of studies
report that inflammation plays a crucia role in the
cell biology of atherosclerosis.? Yet, another study
has emphasized the important role of P-selectin in
facilitating atherosclerosis lesion development.®
The results from this and other investigations further
imply that circulating sP-selectin may not only be a
biomarker of platelet activation,® but also directly



participate in an undergoing inflammatory processin
atherosclerosis in the coronary artery. This encour-
ages us to investigate the possibility of using this
biomarker for risk stratification of patients for future
development of atherosclerotic lesions.

The present study has two limitations. First, as
this study was only designed to investigate plasma
levels of sP-selectin in patients following early or
recent MI, it could not provide a long-term value of
plasma levels of sP-selectin in patients following
myocardial infarction. Second, although sP-selectin
has been suggested as an index of platelet activa-
tion,® another study has emphasized that flow
cytometry could more accurately assess the serial
changes in platelet activation.*® Without comparing
these two methods, it is uncertain which method is
superior for accurate measurement of platelet activity
during long-term follow-up. Therefore, caution
should be used when extrapolating the results of this
study to management of patientsin a similar clinical
setting.

In conclusion, the plasma level of circulating
sP-selectin, an index of platelet activation and an
inflammatory biomarker, was markedly increased
after AMI, and theresfter, was maintained without a
significant change in level throughout the recent
phase of MI. The findings from this investigation
encourage the long-term use of potent anti-platel et
and anti-inflammatory agents for patients after AMI.
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