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Summary
An inflammatory response is a key event for endothelial dysfunction. Pentraxin 3 (PTX3) is an inflammatory protein produced at inflammation sites such as leukocytes and vascular endothelial cells. Here, we compared the relationships between endothelial function assessed by flow-mediated dilation (FMD), and the levels of plasma PTX3 and highsensitive C-reactive protein (hsCRP), another inflammatory protein of the pentraxin family.
Levels of FMD, PTX3 and hsCRP were measured twice within 6 to 8 months and retrospectively analyzed in 36
patients with coronary artery disease. We examined the associations between the values of FMD and the levels of PTX3
and hsCRP at the first measurement, and between the change ratios (second value/first value) of these parameters.
Univariate linear regression analysis showed significantly negative correlations between FMD values and PTX3
and hsCRP levels at the first measurement, and significant associations with taking statins or calcium antagonists. Multivariate linear stepwise regression analysis identified PTX3 levels and taking statins and calcium antagonists as independent factors for endothelial function. The change ratio of FMD correlated more closely with that of PTX3 than of hsCRP
(r = -0.446, P = 0.006 versus r = -0.330, P = 0.050). Significantly more patients with decreased FMD values had increased levels of PTX3 than those of hsCRP at the second measurement compared with the first measurement. Furthermore, the ratio of patients with increased PTX3, but not increased hsCRP, was significantly reduced among those with
increased, rather than decreased, FMD values.
Endothelial dysfunction might be more accurately predicted by plasma PTX3 levels than by serum hsCRP levels.
(Int Heart J 2014; 55: 160-164)
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T

he vascular endothelium plays a key role in the control
of vasomotor tone, platelet adhesion, and thrombosis
through the release of nitric oxide (NO), prostaglandins, and other vasoactive compounds.1, 2) Endothelial dysfunction is considered to be an early pathophysiological feature of
atherosclerosis and an independent predictor of cardiovascular
diseases.3) Therefore, assessment of endothelial function is important, especially for patients at risk for coronary artery diseases (CAD). Flow-mediated dilation (FMD) is widely used
for assessing endothelial function. FMD is determined by noninvasive ultrasound assessment of hyperemia-induced responses at the brachial artery, and is presently regarded as a promising tool for the prediction of CAD risk.3-5)
An inflammatory response represents the key piece of evidence leading to endothelial dysfunction and the subsequent
formation of atheromatous plaques.1, 6) C-reactive protein
(CRP), a member of the pentraxin family, is the most well-established inflammation marker and provides independent prognostic information in relation to various coronary heart diseases.7) CRP levels have been reported to be inversely correlated

with endothelial vasoreactivity.8) Pentraxin 3 (PTX3), a member of the long pentraxin family, is rapidly induced in various
cell subsets, including leukocytes, myeloid dendritic cells, and
vascular endothelium under stimulation with inflammatory cytokines.9) In contrast to CRP, which is primarily synthesized in
the liver and thus reflects systemic inflammation, PTX3 is synthesized locally, in the vascular system.10) Therefore, PTX3
levels are thought to reflect endothelial dysfunction. However,
this relationship has yet to be clarified. Furthermore, the relationship between endothelial function and PTX3, as well that
between endothelial function and CRP, also has yet to be clarified. The present study thus investigated both whether plasma
PTX3 levels are associated with endothelial function in patients with CAD, and whether differences can be seen in the
association between PTX3 and CRP.

Methods
Patients: A total of 36 patients with CAD were retrospectively
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recruited for this study. Levels of FMD, PTX3, and high-sensitive CRP (hsCRP) were measured twice between December
2008 and April 2010 at Nagasaki University Hospital. Based
on the classification of the American Heart Association, the
presence of CAD was defined as angiographic evidence of ≥
75% stenosis in at least one coronary artery, and/or a history of
percutaneous coronary intervention and/or coronary artery bypass grafting or myocardial infarction. Exclusion criteria included the following: having clinically unstable features such
as acute coronary syndrome or New York Heart Association
class III or IV heart failure; having stage 5 chronic kidney disease, which included being on hemodialysis; and a history of
treatment for or diagnosis of carotid artery stenosis, thoracic/
abdominal aortic aneurysm, peripheral artery disease, collagen
disease, malignancy, infections, or other systemic inflammatory diseases.
FMD and blood profiles, including plasma PTX3, lipid
panel, hemoglobin A1c (HbA1c) and renal function, were assessed twice within 6 to 8 months (203.5 ± 18.4 days). Hypertension was defined as either being treated with antihypertensive agents or having systolic blood pressure of ≥ 140 mmHg
and/or diastolic blood pressure of ≥ 90 mmHg. Diabetes was
defined as having fasting blood glucose ≥ 126 mg/dL, HbA1c
[NGSP] ≥ 6.5% or being medicated with antidiabetes drugs.
The value for HbA1c (%) is estimated as an NGSP equivalent
value (%) calculated using the following formula:
HbA1c (%) = HbA1c (JDS) (%) + 0.4%,
where the relational expression of HbA1c (JDS) (%) is
measured using the previous Japanese standard substance and
measurement methods and HbA1c (NGSP). Dyslipidemia was
defined as being medicated with lipid lowering agents, or as
having low-density lipoprotein cholesterol (LDL-cholesterol) ≥
140 mg/dL, triglycerides ≥ 150 mg/dL, and/or high-density lipoprotein cholesterol (HDL-cholesterol) < 40 mg/dL.
This study complied with the principles of the Declaration of Helsinki in regard to human investigations, and its protocol was approved by the Ethics Committee of Nagasaki University Hospital. Written, informed consent was obtained from
all participants before enrollment in the study.
Measurement of brachial arterial FMD: Brachial arterial
FMD was assessed using a novel vascular ultrasound system
equipped with both an edge-tracking system for 2D imaging
and a pulsed Doppler flow velocimeter for automatic measurement (UNEXEF, Unex Co. Ltd., Nagoya, Japan). Patients were
examined between 7:00 and 8:00 AM in the morning after being instructed to fast and abstain from caffeinated beverages,
tobacco products, and vitamin supplements for 12 hours prior
to the investigations. They were also instructed to abstain from
exercise after waking up until the end of the examination. All
vasoactive medications were withheld for at least 12 hours. To
allow consistent recording of the brachial artery 2 to 4 cm
above the antecubital fossa, all patients remained at rest in a
supine position with the right arm extended and comfortably
immobilized. As described by Celemajer, et al,11, 12) longitudinal scans of the brachial artery were then acquired, and FMD
was induced by inflating a pneumatic tourniquet that had been
placed on the forearm to a pressure > 200 mmHg for 5 minutes. After the cuff was released, serial images of the brachial
artery were acquired for 5 minutes, during which time the diameter of the brachial artery was continuously measured.
FMD was defined as the ratio (%) change in arterial diameter
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at one minute after cuff deflation compared with baseline resting diameter.
Measurement of blood samples: Venous blood samples were
withdrawn from the forearms of all patients who had fasted
overnight. Total LDL- and HDL-cholesterol, triglyceride, creatinine, and HbA1c levels were measured at our hospital using
routine laboratory techniques. Venous blood was collected into
EDTA vacuum containers and stored at -80°C. PTX3 levels
were then measured using a high-sensitivity, enzyme-linked
immunosorbent assay system for human plasma (Perseus Proteomics, Tokyo). High-sensitive CRP was measured at SRL
Co. Ltd. (Tokyo). The estimated glomerular filtration rate
(eGFR) was calculated as follows: 194 × age-0.287 × serum creatinine-1.094 (if female, × 0.739).13) Ratios of changes in parameter values between the first and the second measurements were
calculated as the value at the second measurement/the value at
the first measurement. Values that were higher or lower at the
second than at the first measurement were defined as a respective increase or decrease.
Statistical analysis: Continuous values are expressed as the
mean ± standard deviation (SD) and were tested for normal
distribution using the Kolmogorov-Smirnov test. Non-normal
distributed values, including PTX3, hsCRP, and NT-proBNP,
were log-transformed before analysis. Relationships between
clinical variables and FMD were evaluated using univariate
linear regression analysis, and variables that correlated with
FMD (P < 0.10) were tested for independence using multivariate stepwise linear regression analysis. Relationships among
change ratios of variables were evaluated using Spearman’s
rank correlation coefficient. Data presented as numbers of patients were analyzed using the chi-square test. A P value < 0.05
was considered statistically significant. All other data were statistically analyzed using SPSS version 18 (IBM Corp., Somers, NY).

Results
Table I shows the characteristics of the patients at the first
FMD measurement. The patients were predominantly male,
relatively older (mean, 68.5 years) and had a normal mean
body mass index. Comorbid conditions included diabetes mellitus (44.4%), hypertension (80.6%), and dyslipidemia
(61.1%), and 69.4% were smokers.
Univariate linear regression analysis showed that FMD
values significantly and negatively correlated with log-PTX3
and log-hsCRP levels at the first examination (Table II and
Figure 1). Medication with calcium antagonists and statins also
correlated with FMD values (Table II). Multivariate stepwise
linear regression analysis, in which variables with a P value <
0.10 in univariate analysis were incorporated into the model,
identified log-PTX3 and medication with calcium antagonists
and statins as independent factors associated with FMD.
The ratio of change in FMD between the first and the
second measurement significantly correlated with that of logPTX3 and log-hsCRP (Table III, Figures 2A and B), and the
correlation with log-PTX3 was closer than that with loghsCRP (r = -0.446, P = 0.006 versus r = -0.330, P = 0.050, respectively). More patients with decreased FMD had increased
PTX3 compared with increased hsCRP (P = 0.049; Figure
2C). Furthermore, the ratio of patients with increased PTX3,
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but not increased hsCRP, was significantly reduced among
those with increased, rather than decreased, FMD values (P =

0.003; Figure 2C).

Discussion

Table I. Characteristics of the Participants
Parameters
Gender (male:female)
Age (years)
Body mass index (kg/m2)
Smoking (%)
Diabetes mellitus (%)
Hypertension (%)
Dyslipidemia (%)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
PTX3 (pg/mL)
hsCRP (mg/L)
eGFR (mL/min/1.73m2)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglyceride (mg/dL)
Fasting blood glucose (mg/dL)
HbA1c (%)
NT-proBNP (pg/mL)
Medicines
Calcium antagonists (%)
ARB/ACE-I (%)
β-Blocker (%)
α-Blocker (%)
Diuretics (%)
Statin (%)
FMD (%)

Mean ± SD

Endothelial dysfunction is an initial step in the atherogenic process.14) It is characterized by the following: increased endothelial cell permeability; a pro-coagulant state; enhanced
leukocyte adhesion due to increased endothelial expression of
adhesion molecules; increased vascular tone due to a reduction
in NO production; and the proliferation of smooth muscle
cells.15) FMD is a repeatable, reproducible, and noninvasive ultrasound assessment of endothelial function that closely correlates with invasively measured endothelial function 11) and predicts risk of both future fatal and nonfatal cardiovascular
events.16)
An inflammatory response is a key contributing factor to
endothelial dysfunction. A significant relationship between
CRP and endothelial dysfunction has been determined, showing that CRP impairs both bioactivity in vitro and in vivo and
endothelial vasoreactivity in vivo through the inhibition of en-

31 : 5
68.5 ± 8.3
23.9 ± 3.4
69.4
47.2
80.6
61.1
127.1 ± 15.7
68.0 ± 6.7
3.18 ± 1.38
4.84 ± 8.35
60.8 ± 21.1
172.0 ± 26.4
100.9 ± 23.1
43.3 ± 11.1
127.8 ± 61.6
107.4 ± 26.6
6.42 ± 0.94
583.04 ± 994.6

A

50.0
72.2
16.7
2.8
8.3
47.2
5.01 ± 2.11

ARB indicates angiotensin II receptor blocker; ACE-I, angiotensin converting enzyme inhibitor; A1c; protein; eGFR, estimated glomerular filtration; FMD, flow mediated dilation; HbA1c, hemoglobin A1c protein;
HDL-cholesterol, high-density lipoprotein cholesterol; hsCRP, high-sensitive C-reactive protein; LDL-cholesterol, low-density lipoprotein cholesterol; NT-proBNP, N-terminal-pro-B type brain natriuretic peptide; and
PTX3, pentraxin 3.

B

Figure 1. Correlations between flow mediated dilation (FMD) values and
both pentraxin 3 (PTX3) and high sensitive C-reactive protein (hsCRP)
levels at first examination. FMD values negatively correlate with both log
PTX3 (A) and log hsCRP (B) levels. FMD indicates flow mediated dilation; hsCRP, high sensitive C-reactive protein; and PTX3, pentraxin 3.

Table II. Univariate and Multivariate Linear Regression Analyses of Flow Mediated Dilation (FMD)
Univariate
Variables
Age (years)
Body mass index (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Log PTX3 (pg/mL)
Log hs-CRP (mg/L)
eGFR (mL/min/1.73m2)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Log Triglyceride (mg/dL)
Log Fasting blood glucose (mg/dL)
Log HbA1c (%)
Log NT-proBNP (pg/mL)
Medicines
ARB/ACE-I use
β-Blocker use
α-Blocker use
Calcium antagonist use
Statin use

r

P

β

Multivariate
SE

P

0.222
-0.159
-0.332
-0.282
-0.381
-0.358
-0.070
-0.201
-0.297
0.006
0.128
-0.179
0.117
-0.295

0.193
0.354
0.052
0.101
0.022
0.032
0.687
0.239
0.078
0.970
0.459
0.319
0.512
0.081

-0.352
-

1.416
-

NS
NS
NS
NS
0.015
NS
NS
NS
NS
NS
NS
NS
NS
NS

-0.152
-0.174
-0.145
0.454
0.465

0.377
0.309
0.399
0.005
0.004

0.387
0.322

0.532
0.558

NS
NS
NS
0.006
0.024

Variables with a P < 0.10 on univariate analysis were incorporated into the multivariate models (adopted factors: systolic blood pressure, logPTX3, log-hsCRP, LDL-cholesterol, log-NT-proBNP, calicium antagonist use, and statin use). Abbreviations are same those in Table I.
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Table III. Correlation Between Change ratios of Flow Mediated Dilation
(FMD) and Various Parameters
Parameters
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Log PTX3 (pg/mL)
Log hsCRP (mg/L)
eGFR (mL/min/1.73m2)
Total cholesterol (mg/dL)
LDL-cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Log triglyceride (mg/dL)
Log fasting blood glucose (mg/dL)
Log HbA1c (%)
Log-NT-proBNP (pg/mL)

r

P

-0.126
0.059
-0.446
-0.330
0.101
-0.032
-0.053
0.022
0.256
-0.178
0.137
-0.319

0.473
0.735
0.006
0.050
0.557
0.852
0.759
0.899
0.133
0.338
0.446
0.058

r indicates Spearman’s rank correlation coefficient. All other abbreviations
are the same as those in Table I.

dothelial nitric oxide synthase (eNOS) activity.17-21) In addition,
CRP downregulates the number of endothelial progenitor cells
and cell function in vitro.22) The long pentraxin PTX3 shares
some similarities with CRP, but differs in terms of structural
domain, gene organization, cellular and tissue sources, inducing stimuli, and recognized ligands.10) PTX3 is produced at
sites of inflammation, and it is intimately linked to endothelial
dysfunction.23) Gustin, et al 24) demonstrated that lysophosphatidic acid, a major bioactive lipid component of oxidized lowdensity lipoproteins, induces both PTX3 expression and
mRNA in endothelial cells in vitro. Circulating endothelial
progenitor cells levels mobilized by endothelial dysfunction
are associated with PTX3 levels in patients with peripheral artery disease.25) A histological study identified PTX3 positivity
in the interstitium, the cytoplasm of macrophages, and the endothelium in heart tissue from patients with acute myocardial
infarction.26) These suggest that both PTX3 and CRP reflect
endothelial function. The present study showed that plasma
PTX3 is significantly correlated with endothelial function assessed by FMD in patients with clinically stable CAD. Furthermore, the change ratios of PTX3 and FMD also correlated,
indicating that PTX3 levels are a potential biomarker for predicting endothelial function. Correlations between PTX3 levels
and FMD are significantly negative in patients with type II diabetes without CAD 27) and chronic kidney disease.28) Our study
comprised patients with CAD, which means that plasma PTX3
levels can reflect endothelial function, even at an advanced
stage of atherosclerosis. Indeed, immunohistochemical staining has shown intense PTX3 expression in humans with advanced atherosclerotic lesions.29) Multivariate stepwise regression analysis in the present study showed that PTX3, but not
hsCRP, is an independent factor associated with FMD. In addition, changes in FMD values correlated more closely with
changes in levels of PTX3 than of hsCRP. This suggests that
PTX3 levels reflect endothelial function more precisely than
hsCRP levels, which agrees with the findings of another study
on Turkish patients with type II diabetes and proteinuria.27)
This might be due to a difference in the synthetic processes
and sites of synthesis between these two inflammatory markers. Collectively, plasma PTX3 levels might be more useful
than serum hsCRP levels for predicting endothelial dysfunction.
Our study has several limitations. First, this was a retro-

A

C

B

Figure 2. Association between changes in FMD and both PTX3 and
hsCRP levels. Change ratios of FMD negatively correlate with change ratios of both log-PTX3 (A) and hsCRP (B). Comparison of both increased
and decreased PTX3 and hsCRP levels between patients with either decreased or increased FMD (C). FMD indicates flow mediated dilation;
hsCRP, high sensitive C-reactive protein; and PTX3, pentraxin 3.

spective analysis of a small patient cohort from a single center.
Second, the enrolled patients had at least ≥ 75% stenosis in one
coronary artery. However, the numbers, sites, and vulnerability
of atherosclerotic lesions in both coronary and systemic arteries might have affected our results, although a complete evaluation of atherosclerosis is impossible in the clinical setting.
Third, nitroglycerin-mediated vasodilation was not examined;
therefore, endothelium-independent dilation remains unclear.
Fourth, although all vasoactive medications were withheld for
at least 12 hours prior to investigations, calcium antagonists
might have affected the FMD values determined from the results of univariate and multivariate linear regression analyses.
Regarding the effect of statins on FMD values, a meta-analysis
has already revealed that statins can significantly improve endothelial dysfunction assessed by FMD in patients with diabetes.3) Therefore, statins were associated with FMD values in
the present study. Furthermore, differences in the duration of
administration, dosage, and type of medicines were unable to
be examined. Finally, whether PTX3 levels and FMD values
are able to predict clinical outcomes was not addressed, and
thus remains unclear. Future longitudinal and prospective studies of a large cohort are needed to address these issues.
Conclusion: Endothelial function assessed by FMD is associated with plasma PTX3 levels and their change ratios. In addition, this association is closer than that between hsCRP and
endothelial function. These findings suggest that plasma PTX3
is a more potent predictor of endothelial function than hsCRP
in patients with CAD.
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