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Background. Our recently developed ELISA system for the detection of human pentraxin 3 (PTX3) in plasma has demonstrated
that plasma PTX3 levels are increased in patients with unstable angina pectoris. However, the origin of the PTX3 from the
ruptured plaque or a systemic process and which cells release PTX3 remain unclear. Methods. Blood samples were taken using
an aspiration catheter from the site of the ruptured plaque and from the aorta during acute coronary interventions in 118 patients
with acute coronary syndrome. These samples were analyzed for PTX3, and brain natriuretic peptide (BNP) was used as a control.
Aspirated thrombi from patients with acute myocardial infarction (AMI) (n = 32) were examined by histological staining. Results.
Plasma PTX3 levels were higher in blood samples taken from the site of plaque rupture compared to samples taken from the aorta
(5.61 ± 1.91 ng/mL versus 4.72 ± 5.61 ng/mL, P < 0.05). On the other hand, BNP levels, as reference, were not different between
the samples (P = 0.45). PTX3-positive neutrophils accounted for 70.4% of cells in harvested thrombi, with the remaining cells
consisting of mononuclear cells. Conclusions. Infiltrating neutrophils in thrombi at the plaque rupture site are a diagnostically
important source of PTX3 in patients with acute coronary syndrome.

1. Introduction

Pentraxin 3 (PTX3) is a long pentraxin, consisting of a C-
terminal pentraxin module coupled with an unrelated N-
terminal domain [1]. PTX3 is structurally related but distinct
from the classic short pentraxins, C-reactive protein and
serum amyloid protein, differing in gene organization and
localization, ligand recognition, producing cells, and induc-
ing signals. PTX3 is expressed in macrophages, dendritic
cells, neutrophils, and vascular endothelial cells (ECs), but
not in the liver, in response to primary proinflammatory
signals such as bacterial products, interleukin-1, and tumor
necrosis factor-alpha, but not interleukin-6 [2–5]. PTX3 level
is known to be increased in the plasma of patients with acute

coronary syndrome (ACS) [6, 7], but the mechanism causing
the increase remains unknown. Recently we have developed
a highly sensitive ELISA system for the measurement of
human PTX3 in plasma using high-specificity monoclonal
antibodies [8]. The assay has a coefficient of variation of
4.1%, and the sensitivity is 7 times higher than that of
commercially available kits. Using our assay, we have detected
high plasma PTX3 levels in patients with unstable angina
pectoris.

The present study compared plasma PTX3 levels at the
site of ruptured plaque and the aorta in patients with ACS
and investigated thrombi from patients with ACS to elucidate
the mechanism of increased plasma PTX3 level in patients
with ACS.
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2. Methods

2.1. Patient Population. A total of 720 patients, 551 men
and 169 women aged 21 to 94 years (mean age 66.8 ±
10.2 years), were admitted to Juntendo University Hospital,
Juntendo University Shizuoka Hospital, or Juntendo Uni-
versity Nerima Hospital for assessment of ischemic heart
disease, including ACS, arteriosclerosis obliterans (ASOs), or
vasospastic angina pectoris (VAP) by coronary angiography
(CAG) between January 2006 and June 2007. The diagnosis
of ACS was based on the presence of more than one clearly
identifiable culprit lesion by CAG in patients with electro-
cardiography findings of diagnostic ST-segment changes or
T-wave inversion with chest pain.

ASO was defined by stable intermittent claudication
stage II according to the Fontaine classification and by
angiography findings of severe stenosis of the iliac or
suprafemoral artery. VAP was defined as angina precipitated
by resting or sleeping associated with ST segment elevation
on electrocardiography, but no severe focal stenosis in the
coronary arteries by CAG. The normal value of plasma PTX3
was established in 1739 subjects who underwent annual
health exams in 2006 in the area of Kamigoto, a suburb of
Nagasaki city in Southern Japan, as reported previously [9].
From these data, 709 age-matched subjects were selected.
Study exclusion criteria were described previously [8].
Briefly, we excluded patients with chronic inflammation
status or any history of inflammatory disease in the one
month prior to admission, due to the fact that levels of
C-reactive protein often remain elevated. We also excluded
patients with renal insufficiency or malignant tumors. Finally
the study investigated 698 subjects, 539 men and 159 women
aged 21 to 91 years (mean age 66.7 ± 10.1 years), including
129 patients with ACS, 26 patients with VAP, and 37 patients
with ASO. All patients were of Japanese nationality and
gave informed consent. This study was approved by the
ethical committee of Juntendo University and conducted in
accordance with the Helsinki Declaration of 1971, as revised
in 1983.

2.2. Aspiration Catheter. The Rebirth Aspiration catheter
(Goodman Co., Ltd., Aichi, Japan) is a thrombectomy system
consisting of a 4.5 F polyethylene catheter to be advanced
over a guidewire through a 6 F guiding catheter. The
proximal end of the catheter has an extension tube connected
to a 25 mlL syringe. The catheter was advanced to the culprit
lesion, and continuous suction was performed. The present
study collected samples as follows: before percutaneous
coronary intervention, blood samples were collected from
the aorta using a guiding catheter (Sample 1); after inserting
the guiding catheter into the coronary artery, the aspiration
catheter was advanced to the culprit lesion, and the thrombi,
along with a blood sample, were collected (Sample 2).

2.3. Laboratory Measurements. Plasma total cholesterol,
high- and low-density lipoprotein cholesterol, triglyceride,
hemoglobin A1C, and brain natriuretic peptides (BNP) were
measured. Plasma PTX3 levels were measured using a human

PTX3 ELISA kit (Perseus Proteomics Inc.) as previously
reported [8]. In each case, 4 mL of blood was drawn into an
EDTA vacuum container for PTX3 measurement and frozen
at −20◦C until time of assay. Blood samples were obtained
immediately before CAG following an overnight fast.

2.4. Aspirated Thrombi Specimens from the Coronary Artery.
Aspirated thrombi from patients with acute myocardial
infarction (AMI) (n = 32) were examined by histological
staining. Thrombi were fixed for 1 day at room temperature
in 15% formalin, sequentially dehydrated with an alcohol
series, and embedded in paraffin. The sections were stained
with hematoxylin and eosin.

2.5. Immunohistochemistry and Antibodies. Histochemical
staining for nonspecific esterase and immunohistochemical
staining employing primary monoclonal antibodies against
CD15 or macrophage scavenger receptor-class A (CD204)
antibody were used to define neutrophils or macrophages,
respectively. Anti-human PTX3 monoclonal antibody (clone
1228) was provided by Perseus Proteomic Inc. The protocol
was described previously [4].

2.6. Quantitative Methods. Numbers of anti-CD15-positive
neutrophils and anti-PTX3 antibody-positive cells were
counted in the entire tissue sections and expressed as the
number of cells per square millimeter of tissue. The morpho-
metric analysis was performed by a single investigator who
was unaware of the patients’ characteristics. Values are shown
as the mean ± SD.

2.7. Statistical Analysis. Statistical analysis was performed
using the SPSS software package (SPSS 18.0; SPSS Inc.,
Chicago, IL, USA). Parametric tests such as analysis of
variance (ANOVA) were used after log-transformation of the
original data, because PTX3 values did not show a normal
distribution but approximated a log-normal distribution.
The paired t-test was used for comparison of the two groups.
One-way ANOVA with the Bonferroni test was used to
identify differences among the 4 groups. Values are expressed
as the mean ± SD. PTX3 and BNP values are expressed
as the arithmetic mean values ± SD. P values of < 0.05
were considered to be statistically significant. Ratios and
proportions were compared between different classes using
the chi-square test.

3. Results

3.1. Plasma PTX3 Levels Not Increased in Patients with VAP
or ASO. To investigate whether elevated plasma PTX3 levels
are specific to patients with ACS, plasma PTX3 levels were
measured in patients with other atherosclerotic diseases,
including ASO or VAP. Table 1 lists the characteristics of the
disease groups. Plasma PTX3 levels showed no significant
differences between the ASO group (2.33 ± 1.61 ng/mL),
the VAP group (2.16 ± 0.86 ng/mL), and the normal age-
matched population. Therefore, atherosclerosis except ACS
did not seem to increase plasma PTX3 levels.
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Figure 1: Schema showing how to collect Sample 1 and Sample 2. Sample 1 was taken from the guiding catheter before insertion into the
coronary artery (a), and Sample 2 was taken from the aspiration catheter (b).

Table 1: Characteristics of patients in ACS, VAP, or ASO group.

Normal ACS VAP ASO

Number 709 129 26 37

Age, yr 67.7 ± 4.5 67.8 ± 12.7 62.2 ± 9.06 8.1 ± 7.7

Male sex, no. (%) 46.8 71.0 73.1 85.7

Smoker, no. (%) Not available 81.1 63.6 89.7

BMI (�24.2kg/m2), no% 23.9 31.8 27.2 33.3

TCHO, mg/dL 208.0 ± 32.8 189.5 ± 39.9 189.3 ± 37.4 201.3 ± 50.8

LDL-c, mg/dL 122.1 ± 28.6 124.8 ± 36.2 103.6 ± 16.6 127.8 ± 30.9

HDL-c, mg/dL 65.8 ± 16.3 49.3 ± 12.2 61.9 ± 14.6 45.0 ± 11.1

TG, mg/dL 108.1 ± 45.3 137.3 ± 63.8 84.2 ± 34.4∗ 141.1 ± 59.1

HgbA1C, % 5.5 ± 0.6 6.0 ± 1.7 5.1 ± 0.4 6.1 ± 1.1

Plasma PTX3 (ng/mL)

Arithmetic means 2.11 ± 1.60 5.80 ± 5.33∗ 2.16 ± 0.86 2.33 ± 1.61

ACS: acute coronary syndrome; VAP: vasospastic angina pectoris; ASO: arteriosclerosis obliterans;BMI: body mass index; TCHO: total cholesterol; LDL-c: low-
density lipoprotein cholesterol; HDL: high-density lipoprotein cholesterol; TG: triglyceride; HgbA1C: hemoglobin A1C; PTX3: pentraxin 3. ∗P < 0.00001.

3.2. Plasma PTX3 Levels at the Site of Culprit Lesions. The
major difference between patients with ACS and patients
with ASO or VAP is the presence of thrombi at the sites
of plaque rupture. Therefore, we investigated whether these
sites are responsible for the increased levels of PTX3 observed
in patients with ACS. We collected blood samples from the
aorta and culprit lesions in coronary arteries containing
ruptured plaques in patients with ACS using a guiding and
an aspiration catheter (Figure 1). Thrombi were aspirated
during percutaneous coronary intervention from 118 of
the 129 patients with ACS. As a reference standard in
this investigation, we measured plasma BNP levels in both
Samples 1 and 2, as BNP is known to be released from
ventricular cardiomyocytes, but not from plaque [10, 11].
The level of plasma BNP did not correlate with the aspiration
site as plasma BNP levels were higher in aorta samples
(Sample 1) compared to the ruptured site (Sample 2) in
51 subjects, whereas 63 subjects showed higher levels in
Sample 1 compared to Sample 2, and 4 subjects showed
similar values in both samples. Plasma BNP levels showed no
difference between Sample 1 and 2 (92.24 ± 256.53 pg/mL
versus 120.9 ± 287.14 pg/mL, P = 0.59) (Figure 2(a)). In
contrast, plasma PTX3 levels were significantly higher in
blood samples from the site of ruptured plaque (Sample 2)
compared to blood samples taken from the aorta (Sample1)
(5.61 ± 1.91 ng/mL versus 4.72 ± 5.61 ng/mL, P < 0.05) in

97 patients (82.2%), suggesting that cells in the culprit lesion
released PTX3 (Figure 2(b)).

3.3. Localization of PTX3 in Neutrophils Infiltrating Thrombi.
To further investigate the possibility that PTX3 is pro-
duced and released from superimposed thrombi, PTX3
expression patterns were immunohistochemically analyzed
in thrombi obtained using an aspiration catheter from
32 patients. To identify the cells responsible for PTX3
expression, serial staining was performed for PTX3 and
specific cell types, including macrophages or neutrophils.
Figure 3 showed representative data obtained from a 67-
year-old man with AMI. Although a number of cells had
infiltrated the thrombus (Figure 3(a)), the overwhelming
majority were neutrophils and mononuclear cells, with only
a few macrophages (Figure 3(d)). PTX3 was expressed in
polynuclear cells (Figures 3(b) and 3(e)) stained by anti-
CD15 antibody, a known marker for neutrophils (Figures
3(c) and 3(f)). PTX3-positive neutrophils accounted for
70.4% of cells in the examined thrombi (Figure 4), with the
remaining cells consisting predominantly of mononuclear
cells. The major difference between patients with ACS and
patients with ASO or VAP is the presence of thrombi at the
sites of plaque rupture. Activated or injured ECs are present
in atherosclerotic lesions in patients with ASO or VAP and
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Figure 2: Comparison of plasma PTX3 or BNP levels in blood aspirated from the aorta (Sample 1) and the plaque site (Sample 2). Plasma
BNP levels showed no difference between Samples 1 and 2 (92.24 ± 256.53 pg/mL versus 120.9 ± 287.14 pg/mL, P = 0.59 (a)), but plasma
PTX3 was significantly lower in Sample 1 than in Sample 2 (4.72 ± 5.61 ng/mL versus 5.61 ± 1.91 ng/mL, P < 0.05 (b)).

(a) (b)

(c) (d)

(e) (f)

Figure 3: Expression patterns of inflammatory cells and PTX3 in the thrombus obtained from a 67-year-old man with AMI. Inflammatory
cells infiltrated around the red thrombus ((a) hematoxylin and eosin, ×200). The expression patterns of CD15-positive cells were similar
for neutrophils ((b) ×200 and (e) ×400) and PTX3-positive cells ((c) ×200 and (f) ×400), but negative staining for CD204 suggested
macrophages ((d) ×200). Bar indicates 200 µm. Bar indicates 50 µm.
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Figure 4: Distribution patterns of cells in thrombi from patients
with ACS. Y-axis indicated the number of cells per square
millimeter. Graph showing the number of PTX3-positive total
cells/mm2 in the thrombus obtained from the culprit lesion in
patients with ACS (n = 32). PTX3-positive neutrophils accounted
for 70.4% of cells in the examined thrombi.

activated macrophages in patients with ASO, but the plasma
PTX3 level was almost the same as in normal subjects.
Collectively, these results strongly suggest that neutrophils in
thrombi formed over the ruptured plaque site are one of the
most important sources of PTX3.

4. Discussion

The present study demonstrated that PTX3 originates from
neutrophils at the site of plaque rupture in the coronary
artery of patients with ACS. Plasma PTX3 levels are increased
in patients with AMI [6], and we previously suggested that
PTX3 may represent a good biomarker for the diagnosis
of patients with unstable angina pectoris [8]. This study
demonstrated that plasma PTX3 levels were not increased in
patients with ASO or VAP. Our findings indicate that plaque
volume or endothelial dysfunction may not be important
to increase plasma PTX3 level. Plaque disruption with
superimposed occlusive or nonocclusive thrombosis is the
main cause of ACS, in contrast to ASO or VAP [12, 13].
In this study, the investigation of blood samples collected
by aspiration catheter revealed that 82.2% of ACS patients
exhibited significantly higher levels of PTX3 in blood samples
taken from the plaque site in the coronary artery compared
to samples taken from the aorta.

Immunohistochemical examination of aspirated thrombi
demonstrated the infiltration of neutrophils expressing
PTX3 [4]. This study found that almost 70% of the
neutrophils expressed PTX3 in the thrombus (Figure 3). The
remaining cells were monocytes which did not express PTX3.
PTX3 is stored in specific granules, neutrophil extracellular
traps, which are rapidly secreted after stimulation [14, 15].
Therefore, the PTX3 stored in the granules will rapidly enter
the blood. Direct release of PTX3 from ECs or macrophages
has not been demonstrated. If ECs or macrophages are
the main sources to release PTX3, plasma PTX3 should be
increased in patients with VAP or ASO. All thrombi from
patients with AMI contain large numbers of neutrophils
[16]. The leukocytes identified within the coronary artery

lumen are primarily neutrophils, suggesting the presence of
inflammation within the coronary artery in patients with
ACS. ACS is usually asymptomatic for a long period of
time, with repeat small or minor plaque ruptures, finally
culminating in thrombosis. Our findings suggest that PTX3
levels might provide an excellent marker of these events.

The present study demonstrated that plasma PTX3 levels
were increased in patients with ACS, but not in patients with
ASO or VAP, probably caused by the infiltration of PTX3-
expressing neutrophils. Our findings suggest that PTX3, or
diagnostically significant elevation in a patient’s PTX3 level,
predominantly originates from neutrophils infiltrating the
thrombus at sites of plaque rupture.
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