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Concentration of Soluble P-Selectin and White Blood Cell
Counts in Infarct Coronary Arteries in Patients with Acute
Myocardial Infarction Differ from the Systemic Circulation
Teng-Hung Yu, MD; Sarah Chua, MD; Cheng-I Cheng, MD; Wen-Hao Liu, MD;
Cheng-An Chiu, MD; Cheng-Hsu Yang, MD; Chih-Yuan Fang, MD;
Yuan-Kai Hsieh, MD; Chi-Ling Hang, MD; Wei-Chin Hung, MD; Yen-Hsun Chen, MD;
Kuo-Ho Yeh, MD; Morgan Fu, MD; Hon-Kan Yip, MD
Background: Previously, researchers have suggested that Soluble (s) P-selectin mediates
the accumulation of leukocytes which in turn promotes fibril deposition.
Soluble P-selectin and white blood cell (WBC) counts have been shown to
be increased in the systemic circulation after acute myocardial infarction
(AMI). However, whether the infarct coronary artery (ICA) and systemic circulation differs with respect to the concentration of sP-selectin and WBC
counts following AMI remain unknown. In this study, we investigated
whether the concentration of sP-selectin and WBC counts differed between
the ICA and the systemic circulation after AMI.
Methods:
Blood samples for circulating sP-selectin and WBC counts were immediately
obtained after vascular puncture in 72 patients with AMI of < 12 h undergoing primary percutaneous coronary intervention (PCI). Additionally, blood
samples for ICA sP-selectin and WBC counts were obtained via Export
Suction Catheter during PCI. For comparison, blood samples for sP-selectin
and WBC counts were obtained once in 30 healthy subjects.
Results:
The results demonstrated that the circulating sP-selectin [64.7
18.1
(ng/ml) vs. 29.5
6.3 (ng/ml), p < 0.0001] and WBC counts [12.1
3.6 (x
103/ml) vs. 5.0
1.0 (x 103/ml), p < 0.0001] were significantly higher in our
patients than in healthy subjects. Furthermore, the sP-selectin [72.7
23.3
(ng/ml) vs. 64.7
18.1 (ng/ml), p < 0.0001] and the WBC counts [16.2
3.8 (x 103/ml) vs. 12.1
3.6 (x 103/ml), p < 0.0001] were markedly higher
in the ICA than in the systemic circulation for the patients.
Conclusions: The plasma level of sP-selectin and WBC counts were more elevated in the
ICA than in the systemic circulation of patients with AMI undergoing primary PCI. These findings strengthen the role of sequestration of WBC and sPselectin in the ICA as crucial in thrombus formation.
(Chang Gung Med J 2006;29:169-74)
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he glycoprotein P-selectin, a membrane component of cell storage granules(1) is rapidly translocated from α-granules of platelets and in the WeibelPalade bodies of endothelial cells to the cell surface
following an inflammatory process or other stimulation.(2,3) P-selectin is a cell adhesion molecule of activated platelets and endothelial cells, and thus, plays
an important role in modulating the interaction of
these cells with neutrophils and monocytes. (3-6)
Previously, researchers have suggested that Pselectin mediates the accumulation of leukocytes
which in turn promotes fibril deposition.(7) Other
researchers have shown that P-selectin expression on
platelets determines the size and stability of platelet
aggregates.(8) Surprisingly, while numerous animal
and in vitro studies have stressed the important role
of P-selectin in facilitating atherosclerosis lesion
development, (9) mediating endothelial-leukocyteplatelet interactions,(3-6) stabilizing platelet aggregation,(8) and also in fibrin deposition within a thrombus,(7) data on the role and circulating levels of sPselectin after acute myocardial infarction (AMI)
remain limited.(10,11) Furthermore, researchers have
recent shown that elevation of WBC counts during
AMI was associated with reduced epicardial blood
flow and myocardial reperfusion, thromboresistence,
and adverse outcomes.(12-14) However, whether there
are differences in sP-selectin concentrations and
WBC counts between occluded arteries (ICAs) and
systemic circulation remains unclear.
Therefore in this study, we investigated whether
the concentrations of sP-selectin and WBC counts
differed between the ICAs and the systemic circulation of patients with AMI undergoing primary percutaneous coronary intervention (PCI).

170

arterial puncture sites before diagnostic procedure
was performed. Blood samples from ICAs for levels
of sP-selectin and WBC counts were obtained using
the Export Suction Catheter during the procedure.
To avoid the possibility of diluted concentrations of
sP-selectin and WBC counts, the 3 cc of blood inside
the Export Suction Catheter was first removed followed by the first 6-8 cc of removable blood from
the ICAs was collected for measuring sP-selectin and
WBC counts.
To avoid other variables influencing the plasma
levels of sP-selectin and WBC counts, our exclusion
factors included: history of renal insufficiency (creatinine > 1.5 mg/dL), liver cirrhosis, malignancy,
febrile disorders (1 patient), acute or chronic inflammatory disease on study entry, history of recent
infection, or gross hemolysis of blood sample, and
immunosuppressive therapy. Patients were also
excluded if fever (body temperature > 37.5°C) was
observed in the emergency room. Therefore, 28
(28.0%) of the 100 patients were subsequently
excluded due to fever (two patients), infection (two
patients), malignancy (one patient), steroid use (one
patient), gross hemolysis (five patients), renal function impairment (four patients), or incomplete blood
sampling (13 patients). Accordingly, the remaining
72 patients constituted the study population.
Thirty age- and gender-matched healthy volunteers were also studied as control subjects. Informed
consent was obtained from all subjects. The protocol
was approved by the Institutional Review Committee
on Human Research of our institution.
Arterial blood samples were obtained once in
healthy volunteers during health clinic examinations.
WBC counts and biochemical measurements were
determined using standard methods.

METHODS
Laboratory investigations and assays
Enrollment of patients and exclusion criteria

From May 2002 through October 2003,
PercuSurge GuardWireTM devices (Medtronic AVE)
were used in 100 consecutive patients presenting
with AMI (< 12 hour’s duration) undergoing primary
PCI. The inclusion criteria and application procedure
for this mechanical device were described in detail in
our recent study.(15) For the purposes of this study,
plasma levels of sP-selectin and WBC counts of all
patients who underwent primary PCI were prospectively measured. Blood samples were drawn from

The concentrations of sP-selectin were measured using a standard enzyme-linked immunosorbent assay (ELISA) and a commercially available kit
(R and D Systems; Minneapolis, Minn). The method
for the ELISA was described in detail in our recent
report. (16) The assay was sufficiently sensitive to
detect less than 0.5 ng/ml of P-selectin, according to
the manufacturer of the assay kits. Intra-individual
variability of sP-selectin levels was assessed in the
study patients, risk-control subjects, and healthy subjects. The mean intra-assay coefficients of variance
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were 5.10%, 4.71%, and 4.34%, respectively.

Table 1. Baseline Characteristics of Study Patients and Healthy Control
Subjects

Statistical analysis

Data were expressed as mean
SD. Categorical variables were compared using the Chi-square
test. Continuous variables between the two groups
were compared using the t test. Continuous variables
of sP-selectin between ICA and systemic circulation
were compared using the Wilcoxon rank-sum test for
paired data. Statistical analysis was performed using
SAS statistical software for Windows version 8.2
(SAS institute, Cary, NC). A probability value < 0.05
was considered statistically significant.

RESULTS
Baseline characteristics and laboratory findings
of our study patients and healthy control subjects

The relevant baseline characteristics and laboratory findings of both our study patients and healthy
control subjects are listed in Tables 1 and 2. The
healthy control subjects did not have any coronary
risk factors. More than 60% of the study patients
were current smokers. Additionally, over 50% of the
study patients had a history of hypertension or hypercholesterolemia. On the other hand, less than 35% of
our patients had history of diabetes mellitus.
Nearby 45% of the study patients experienced
an anterior wall MI. More than 15% of the patients
had cardiogenic shock upon presentation. The mean
reperfusion time was 289 minutes. Coronary angiographic results demonstrated that the incidence of
multi-vessel disease was 54.2%. The procedural successful rate was 94.4%.
Table 2 demonstrated that plasma levels of the
23.3 (ng/ml) vs. 64.7
18.1
sP-selectin [72.7
(ng/ml), p < 0.0001] and the WBC counts [16.2
3.8 (x 103/ml) vs. 12.1
3.6 (x 103/ml), p < 0.0001]
were significantly higher in the ICAs than in the systemic circulation of our study patients.
No significant differences were noted between
the patients and healthy control subjects with regard
to age and gender (Table 1). However, the circulating
18.1 (ng/ml) vs. 29.5
level of sP-selectin [64.7
6.3 (ng/ml), p < 0.0001] and WBC counts [12.1
3.6 (x 103/ml) vs. 5.0
1.0 (x 103/ml), p < 0.0001]
were significantly higher in our study patients than in
the healthy control subjects.
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Study
patients
(n = 72)

Variables
Age (years)
Men
Currently smoking
Hypertension
Diabetes mellitus
Hypercholesterolemia
Previous MI
Previous stroke
WBC counts (x 103/ml)
Soluble P-selectin (ng/ml)
Mean reperfusion time (min)*
Anterior infarction
Cardiogenic shock
Multi-vessel disease†
Pre-PCI TIMI flow ≤ 1
Post-PCI TIMI flow = 3

58.7 11.2
84.7% (61)
69.4% (50)
55.6%(40)
33.3% (24)
51.4% (37)
5.6% (4)
1.4% (1)
12.1 3.6
64.7 18.1
289 168
44.4% (32)
15.3% (11)
54.2% (39)
91.7% (66)
94.4% (68)

Healthy
control
(n = 30)

p

59.1 8.0 0.712
80.0% (24) 0.560
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
0% (0)
5.0 1.0 < 0.0001
29.5 6.3 < 0.0001

Abbreviations: MI: myocardial infarction; PCI: percutaneous coronary intervention; TIMI: thrombolysis in myocardial infarction; WBC:
white blood cell.
* Defined from chest pain to first balloon inflation.
† Multi-vessel disease was defined by stenoses of > 50% in ≥ 2 major
epicardial coronary arteries.
Data are expressed as mean value SD or number (percent) of patients.
Table 2. Comparison of Serum Levels of Soluble P-Selectin and WBC
Counts between Intra-Coronary Artery and Systemic Circulation
ICA
(n = 72)

Variables
Soluble P-selectin (ng/ml)
WBC counts (x 103/ml)

72.7
16.2

23.3
3.8

Circulation
(n = 72)
64.7
12.1

18.1
3.6

p
< 0.0001
< 0.0001

Abbreviations: ICA: intra-coronary artery; WBC: white blood cell.
Data expressed as mean SD.

DISCUSSION
While the circulating level of sP-selectin has
been shown to be increased in patients following
AMI,(10,11) no data is available on the levels of sPselectin in the infarct arteries of patients following
AMI. In the present study, the most important finding was that plasma levels of sP-selectin were significantly higher in the ICAs than in the systemic circulation.
The reason this phenomenon was found in the
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present study remains uncertain. However, we
hypothesize that P-selectin is rapidly expressed on
the surface of activated platelets and endothelial cells
after plaque rupture and thrombus formation in coronary arteries.(4) Consequently, both enzymatic cleavage of expressed P-selectin and alternative splicing
of P-selectin messenger ribonucleic acid occur, giving rise to sP-selectin, detectable in the peripheral
blood.(17-19) We suggest that the rigorous response of
both expression and enzymatic cleavage of sPselectin was present more in the ICAs primarily from
the stimulations of the endothelial-platelet-leukocyte
interaction and thrombus formation, as well as the
acute and inflammatory process than in the systemic
circulation, which resulted primarily from acute
stress stimulation and inflammatory process.
Additionally, most P-selectin was retrieved and accumulated in the ICAs after it was cleaved into the soluble form rather then relieved into the systemic circulation. Furthermore, the present results demonstrated that over 91% pre-intervention TIMI flow ≤ 1
in infarct-related arteries was observed in our
patients. This observation suggested that few sPselectin would be washed out from the ICA and into
the systemic circulation. Therefore, these reasons
could explain why the plasma level of sP-selectin
was markedly higher in the ICAs than in the systemic circulation during AMI.
The link between endothelial-platelet-leukocyte
interaction and thrombus formation is well recognized.(4,7,20) Additionally, the pivotal role of P-selectin
on interactions of these cells has also been extensively debated.(4,5) Furthermore, P-selectin expression on
platelets in determination of ability and size of
platelet aggregation has been proved using in vitro
study.(8) In the present study, we suggest that the ICA
levels of sP-selectin which were markedly elevated
following AMI may be crucial in thrombus formation and organized-thrombus maintenance in the
infarct artery. These findings further support our
recent clinical observations that high-burden thrombus formation is usually maintained and no re-flow
phenomenon more frequently occur during late
reperfusion time (> 240 minutes ≤ 3 days). (21,22)
Studies on animal models have demonstrated that the
infarction size of myocardium can be reduced when
administering monoclonal antibodies against Pselectin.(23,24) Those study results imply that P-selectin
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may be an attractive target for adjunctive therapy of
MI.(25) The present findings of markedly elevated sPselectin in ICA may stimulate seriously considerations of the suggestion of monoclonal antibodies
against P-selectin according to the results of previous
investigations.(23-25)
Recently, researchers have demonstrated that
increased WBC count in patients with AMI is strongly associated with reduced epicardial blood flow and
myocardial reperfusion, thromboresistence, and
adverse clinical outcomes.(12-14) In the present study,
we found that the WBC count was substantially
increased in our study patients than in healthy control subjects. Of importance was the fact that the
WBC count was significantly higher in the ICAs
than in the systemic circulation. We suggest that
sequestration of WBC and sP-selectin in the ICA
could play a key role in thrombus formation in our
patients. Our suggestion which is based on clinical
observation and laboratory findings is supported by
the results of a previous study which has demonstrated that leukocyte accumulation promoting fibrin
deposition was mediated in vivo by P-selectin on
adherent platelets.(7) Accordingly, our findings reinforce the recent report that elevation in WBC counts
was associated with thromboresistence and reduced
myocardial reperfusion.(13)
There were two limitations on this study. First,
without serial measurements of circulating sPselectin levels, we did not provide information
regarding how early the circulating sP-selectin elevated and how long the elevation of sP-selectin persisted in our patients. Second, the effects of circulating sP-selectin and WBC counts on short-term and
long-term clinical outcomes were not part of the
design protocol, therefore, we did not provide information regarding to the links between these two
inflammatory biomarkers and untoward clinical outcomes.
The plasma levels of sP-selectin and WBC
counts were markedly raised in both the systemic circulation and the ICA of patients with AMI undergoing primary PCI. Additionally, these two inflammatory biomarkers were significantly higher in the ICA
than in the systemic circulation. Our findings provide
a crucial insight into consideration of new strategic
management for reducing ischemic insults in patients
following AMI.
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