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Abstract

Background: Metabolic syndrome (MetS) is
associated with an increased risk of developing
atherosclerotic cardiovascular diseases (CVD). C-
reactive protein (CRP) and serum amyloid protein are
recognized as classic short pentraxins, whereas
pentraxin 3 (PTX3) belongs to the long pentraxins.
PTX3 is an acute phase protein, which is strongly
expressed by advanced atherosclerosis lesions as a
primary inflammatory response in association with
macrophage and neutrophil infiltration. We
hypothesized that circulating PTX3 could be a useful

biomarker to enhance the effects of lifestyle
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modification on systemic inflammation in patients
with MetS.

Methods: To examine the relationship between
circulating PTX3 and MetS risk scores, we measured
circulating PTX3 in 86 high-risk cardiovascular
disease patients with or without MetS before and after
lifestyle modification. Circulating levels of PTX3
were measured using ELISA.

Results: All subjects had similar reductions in
weight, waist circumference, and blood pressure.

Circulating PTX3 was significantly decreased in
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MetS patients (P < 0.001) and was inversely
correlated with the accumulation of MetS risk scores
(r =-0.533, P < 0.001), and was correlated with high-
density lipoprotein (HDL) cholesterol, the presence of
diabetes mellitus, and white cell count, but not with
waist circumference, body mass index (BMI), or
CRP. An increase in PTX3 levels were significantly
correlated with the levels of baseline BMI, waist
circumference, circulating PTX3 concentration, and

MetS risk scores.

Conclusions:  Lifestyle modification increased
circulating levels of PTX3 in relation to the
accumulation of MetS risk scores in high-risk patients
with MetS, who have reduced levels of PTX3,
independent of CRP. These data suggest that
circulating PTX3 may be an effective novel
biomarker that helps to predict the effectiveness of
total risk management for CVD prevention in MetS

patients.

1. Background

Metabolic syndrome (MetS) is a major public health
issue and associated with an increased risk of
developing atherosclerotic cardiovascular diseases
(CvD) [1] . The mechanism of which may be
mediated at least in part, by increased secretion of
proinflammatory cytokines by adipose tissue and

dysfunctional vascular endothelium [2].

Pentraxin 3 (PTX3) belongs to the long pentraxins,
whereas C-reactive protein (CRP) and serum amyloid
protein (SAP) are recognized as classic short
pentraxins. CRP and SAP are released by the liver in
response to interleukin-6. On the other hand, PTX3 is
produced by a variety of tissues, such as vascular
endothelial cells, macrophages, and neutrophils,

predominantly in response to proinflammatory
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signallings. PTX3 is strongly expressed by advanced
human atherosclerosis lesions of autopsy specimens
by immunohistochemistry, in association with
macrophage and neutrophils infiltration [3]. This focal
localization of PTX3 is considered to be indicative of
primary inflammation stimuli, in contrast to CRP
which is induced via secondary inflammatory signals
[4-10]. PTX3 has athero-protective effects through the
modulation of the immune-inflammatory balance in
the cardiovascular system. According these previous
data, we hypothesized that circulating PTX3 could be
a useful biomarker for systemic inflammation in

patients with MetS.

2. Methods

2.1 Subjects

The study included 86 Japanese high-risk outpatients
of CVD consulted for medical care to lose their
weight for improving their CVD risk factors from
cardiologists into the Metabolic Syndrome Clinic,
Department of Cardioangiology, Kitasato University
Hospital. Fifty-two patients with MetS and 34 non-
obese patients (waist circumference < 85 cm for men,
< 90 cm for women) having more than one coronary
risk factors were enrolled. As a reference, 15 control
subjects without coronary risk factors were also
enrolled. All subjects gave informed consent before
participating in this study and anonymity was
maintained by tracing the patients through their
clinical history number. The project was approved by
the Scientific and Ethical Committee of the Kitasato
University School of Medicine, Japan. To determine
the relationship between circulating PTX3 and MetS
risk factors, we measured baseline PTX3 levels in
high-risk patients of CVD. Systolic and diastolic
blood pressure was measured after a rest for at least
15 minutes with a sphygmomanometer in sitting

position.
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2.2 Definition for metabolic risk scores

Mtabolic risk scores were calculated using MetS
components according to the Japanese MetS criteria
[11]. The score consisted of four independent
components as abdominal obesity, defined as a waist
circumference > 85 c¢cm in men or > 90 cm in women;
hypertriglyceridemia and/or low HDL-
cholesterolemia; hypertension, and elevated fasting
glucose. The diagnosis of hypertension was
established based on blood pressure levels measured
at the study visit (> 130/85 mmHg) or a prior
diagnosis of hypertension and current treatment with
antihypertensive medications. Diabetes/ impaired
fasting glucose was considered present if the subject
had history of diabetes or had a fasting glucose level
of 110 mg/dL or greater. Patients with abdominal
obesity having more than two metabolic scores were
defined as MetS. There were 52 patients diagnosed as
having MetS and the remaining 34 patients as non-
MetS, defined as having more than one component of

the MetS criteria without abdominal obesity.

2.3 Blood sample collection and measurement of
clinical biomarkers

Blood samples were collected by venipuncture after
an overnight fast from 52 MetS patients, 34 high-risk
patients of CVD without abdominal obesity, and 15
healthy control subjects. Biochemical markers, such
as triglyceride, LDL cholesterol, HDL cholesterol,
insulin, plasma glucose, glycated haemoglobin

(HbAXlc), uric acid, gamma-glutamyl transpeptidase

(y-GTP), CRP, and BNP were measured.

2.4 Lifestyle modification

Moreover, to examine whether circulating PTX3
could be a useful biomarker or not to enhance the
effects of lifestyle modification in high-risk patients

with MetS, we analyzed change levels of PTX3 in

Cardiology and Cardiovascular Medicine

DOI: 10.26502/fccm.92920193

those patients before and after the lifestyle
modification. We studied 52 patients with MetS
(average BMI 32.6) and 34 patients with non-obese
patients having high-risk for CVD, termed non-MetS
patients (average BMI 26.5). All subjects were
instructed a standard mild energy-restricted diet and
engaged in walking at least 30 min a day, 5days a
week. Serum PTX3 and adiponextin were measeured
in those subjects before and after the lifestyle

modification for 8 to 46 weeks (average 21.0 weeks).

2.5 Measurement of cytokines

Circulating serum levels of human PTX3 and
adiponectin were determined by enzyme-linked
immune sorbent assay (ELISA) using the Human
Pentraxin 3 / TSG-14 ELISA System (Perseus
Protepmics Inc., Tokyo, Japan) and the CircuLexTM
human adiponectin ELISA Kit (CycLex Co., Ltd.,
Nagano, Japan), respectively. Samples were
processed according to the  manufacturer’s

instructions.

2.6 Statistical analysis

Continuous data were summarized as either mean *
SD or median and quartiles, and categorical data were
expressed as percentages. Data were compared by
unpaired t- test or Mann-Whitney U-test where
appropriate. Differences in proportions of variables
were determined by chi-squared analysis. To evaluate
the correlations between PTX3 and selected variables,
we calculated Spearman correlation coefficients
between circulating levels of PTX3 and the following
variables: 1) conventional risk factors for
cardiovascular disease (LDL cholesterol, HDL
cholesterol, triglyceride, HbAlc, presence of
hypertension, and current smoking), and history of
coronary artery disease; 2) measures of adiposity and

insulin resistance (BMI, waist circumference, fasting
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blood glucose, insulin level, and HOMA-IR); and 3)

metabolic  risk  scores  (abdominal  obesity,

low HDL

cholesterol, and glucose intolerance or diabetes) and

hypertension, high triglycerideand/or
MetS-related co-morbidity (hyper uric academia, fatty
liver disease, chronic kidney disease, and sleep apnea
syndrome). To evaluate the association of PTX3 with
MetS, we constructed multivariable logistic
regression models to assess whether circulating PTX3
was independently associated with MetS. Two-sided

P-values < 0.05 were considered significant.

3. Results

3.1 Circulating PTX3 was significantly increased
in high-risk patients for cardiovascular disease

To determine whether or not circulating levels of
PTX3 could be a specific biomarker to distinguish

high-risk patients for CVD, we studied 86 patients
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having coronary risk factors (average BMI 30.6,
average age 53.5) and 15 healthy control subjects
(average BMI 23.2, average age 52.1). Serum levels
of PTX3 were significantly elevated in patients with
atherosclerotic-prone compared with healthy control
subjects (3.8 +4.1vs. 1.6 + 0.6 ng/mL, P < 0.05).

3.2 Circulating PTX3 was decreased in patients
with atherosclerotic-prone associated with the
accumulation of MetS risk scores

When 86 patients with atherosclerotic-prone were
classified with MetS risk scores, consisting of obese,
hypertension, diabetes/fasting high glucose, and
dyslipidemia (high triglyceride and/or low HDL
cholesterol), circulating PTX3 was decreased
according to the relation with the accumulation of

MetS risk scores (Figure 1).
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Figure 1: Circulating PTX3 and MetS risk components.

Circulating PTX3 was reduced in patients having high MetS risk scores.

* MetS risk scores: obese (BMI > 25 or waist circumference > 90 cm), hypertension, diabetes/fasting high glucose,

and dyslipidemia (high triglyceride and/or low HDL- cholesterol). According to a previous paper, plasma level of

PTX3 in normal Japanese healthy subjects is average 1.87 ng/mL in men and 2.14 ng/mL in women [10].
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As expected, circulating levels of PTX3 was
significantly decreased in MetS patients rather than
non-MetS patients (Figure 2). Circulating PTX3 was
inversely correlated with the accumulation of MetS
risk scores (r = -0.539, P < 0.001), BMI (r = -0.295,
P< 0.01), and waist circumference (r = -0.343, P <
0.005). In contrast, PTX3 was positively correlated

with serum levels of total bilirubin (r = 0.379, P <
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Circulating levels of
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non-MetS
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0.001), uric acid (r = 0.247, P < 0.05), male (r =
0.269, P < 0.05), and the presence of diabetes
mellitus/fasting  high  glucose, hypertension,
dyslipidemia, coronary artery disease, or current
smoking (respectively, P < 0.001). Interestingly,
circulating levels of PTX3 was no correlated with

CRP or white blood cell counts.

MetS

Figure 2: Circulating PTX3 in MetS and non-MetS patients.

Circulating levels of PTX3 was significantly decreased in MetS patients rather than non-MetS patients. Values are means

+ SD. * P < 0.05. MetS, metabolic syndrome; PTX3, pentraxin 3; non-MetS, non-obese patients having risk factors for

cardiovascular disease.

3.3 Circulating PTX3 was relatively decreased in
patients with MetS compared to non-obese patients
having coronary risk factors

There were 52 patients diagnosed as having MetS
(average BMI 32.6) and the remaining 34 patients as
non-MetS (BMI 26.5), defined non-obese patients for
atherosclerotic-prone as having more than one

component of the MetS criteria proposed by the
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Japanese Society of Internal Medicine [11]. The
baseline characteristics are shown in Table 1. When
patients were divided into two groups with or without
obesity, body mass index, body weight, and waist
circumferences were increased in MetS patients
compared to non-obese patients having risk factors for
cardiovascular disease, which defined as “non-MetS

patients”.
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MetS (n=52) Non-MetS (n=34)

Age (years) 54,5+ 13.9 50.3+16.1
Male/Female 32/20 20/4

BMI (kg/m? 32.6+5.9 26.5+6.1"

Body weight (kg) 87.5+18.9 735+129*
Waist (cm) 105.2 £12.7 92.3+119
Systolic BP (mmHg) 134.0+17.3 130.1+18.2
Diastolic BP (mmHg) 779125 75.7+12.6

Values are means + SD. * P < 0.05. MetS, metabolic syndrome; BMI, body mass index; BP, blood pressure; non-

MetS, non-obese patients having risk factors for cardiovascular disease.

Table 1. Baseline characteristics.

Predictably, patients with MetS had higher BMI, body
weight, and waist circumference at baseline. As
shown in Table 2, serum triglyceride and fasting
glucose were significantly higher in MetS patients

than in non-MetS patients. As expected, HDL

cholesterol levels were significantly reduced in MetS
patients. Naturally enough, a large proportion of MetS
patients have hypertension, diabetes/fasting high

glucose, and dyslipidemia.

MetS (n=52) Non-MetS (n=34)

Triglyceride (mg/dL) 212 £ 182 156 + 134*
HDL-C (mg/dL) 49.6 +11.9 57.2+13.9
Glucose (mg/dL) 125+ 34 104 + 15*

MetS risk scores 3.3+0.6 1.7+0.9%

High BP (%) 48 (92.3%) 20 (58.8%)
High TG/low HDL-C (%) 41 (78.8%) 18 (52.9%)
DM/High glucose (%) 32 (61.5%) 5 (14.7%)*

Values are means + SD. * P < 0.05. MetS, metabolic syndrome; HDL-C, high density lipoprotein-cholesterol; BP,

blood pressure; TG, triglyceride; DM, diabetes mellitus; non-MetS, non-obese patients having risk factors for

cardiovascular disease.

Table 2: Baseline characteristics and MetS risk scores.

As shown in Figure 2, circulating PTX3 was
significantly decreased in patients with MetS rather
than non-MetS (P < 0.05). In MetS patients, the
presence of dyslipidemia (high LDL cholesterol, high

triglyceride, and/or low HDL cholesterol) was
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negatively correlated to serum PTX3 (r =-0.302, P <
0.05), but not the statin usage. As concerns Ssex,
circulating levels of PTX3 was positively correlated
with male in MetS patients (61.5% male, r = 0.336, P
< 0.05) and in all subjects (60.5% male, r =0.269, P <
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0.05).

3.4 Lifestyle modification increased reduced PTX3
in patients with MetS

An increase in PTX3 levels were significantly
correlated with the levels of baseline BMI, waist

DOI: 10.26502/fccm.92920193

circumference, circulating PTX3 concentration, and
MetS risk scores. As shown in Table 3, waist
circumferences and systolic/diastolic blood pressure
were significantly lowered by lifestyle modification

for average 21 weeks in these patients.

Before After
BMI (kg/m2) 30.6+6.0 29.8+5.8
Body weight (kg) 825+20.2 81.0+18.6
Waist (cm) 100.9 + 145 96.0 + 13.4*
Systolic BP (mmHg) 131.8+17.7 1236 +13.2F
Diastolic BP (mmHg) 76.3+13.0 71.0 £11.3*
Duration (weeks) 21.0 £ 9.9 (8-46)

Values are means +SD. * P < 0.05 vs. before lifestyle modification (n = 86). MetS, metabolic syndrome; BMI, body

mass index; BP, blood pressure.

Table 3: Change in anthropometric variables.

There was no difference in circulating levels of PTX3

in all subjects before and after lifestyle modification.

Only serum adiponectin levels were increased after

lifestyle modification (Table 4).

Before After
Triglyceride (mg/dL) 189 + 164 175+ 02
HDL-C (mg/dL) 52 +13 54 +13
Glucose (mg/dL) 119 + 33 113 + 37
Uric acid (mg/dL) 6.1+1.8 6.0+15
Adiponectin (ug/mL) 56+3.1 6.7 £3.2%
CRP (mg/dL) 0.31 +0.50 0.28 +0.27
PTX3 (ng/mL) 35+4.1 3.0+15

Values are means +SD. * P < 0.05 vs. before. MetS, metabolic syndrome; BMI, body mass index; BP, blood

pressure; non-MetS, non-obese patients having risk factors for cardiovascular disease.

Table 4: Changes in metabolic and inflammatory biomarkers.

When patients were divided into two groups, MetS
group or non-MetS group, circulating PTX3 was

significantly reduced in non-MetS group after 21-

Cardiology and Cardiovascular Medicine

weeks lifestyle modification (Figure 3). On the other
hand, PTX3 was significantly increased in patients

with MetS after lifestyle modification.
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6 - non-MetS (n = 34)

2 - MetS (n = 52) 1
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Figure 3: Changes in PTX3 before and after lifestyle modification.

Circulating levels of pentraxin 3 (PTX3) were significantly lowered by lifestyle modification for average 21 weeks

in non-MetS patients, but not in MetS patients. Values are means £SD. * P < 0.05 vs. before in each group. MetS,

metabolic syndrome; non-MetS, non-obese patients having risk factors for cardiovascular disease.

4. Discussion

The present study demonstrates that for the first time,
to the best of our knowledge, circulating PTX3 could
be a useful biomarker to distinguish high-risk MetS
patients for CVD from non-MetS patients.
Furthermore, lifestyle  modification increased
circulating PTX3 in patients with MetS having

relatively low levels of PTX3.

4.1 PTX3 and vascular inflammation

In the last decade, accumulating evidence suggested
the striking relevance of a low but chronic
inflammatory state in obesity and MetS. Research of
recent years revealed a role of adipose tissue beyond
energy storage harboring inflammatory cells which
are believed sustain inflammation and impair
adipocyte function [12, 13]. PTX3 was originally

found as an essential component of innate immunity,
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and is correlated with various atherosclerosis- and
vascular function-related surrogate markers [14].
PTX3 is produced by immune cells and vascular cells
in response to proinflammatory signals, such as
inflammatory  cytokines, HDL-cholesterol. And
oxidized LDL-cholesterol [15, 16]. Excessive ROS
production may affect PTX3 production by
adipocytes in obese individuals and in MetS patients
[17]. PTX3 concentrations are increased in patients
with type 2 diabetes, obesity, or polycystic ovary
syndrome [18-20].

4.2 PTX3 and metabolic syndrome

Metabolic syndrome is a cluster of risk dfactors
including  glucose  intolerance,  dyslipidemia,
hypertension, and abdominal obesity. In addition,

circulating PTX3 was correlated with the severity of

Vol. 5 No. 2 — April 2021. [ISSN 2572-9292] 208



Cardiol Cardiovasc Med 2021; 5 (2): 201-212

MetS, with other inflammatory parameters and
cardiovascular tests [21]. In addition, elevated
circulating levels of PTX3 has been reported to be
closely associated with moderate to severe obstructive
sleep apnea syndrome [22]. According the previous
study, the receive operating characteristic (ROC)
curve analysis for plasma PTX3 identified a cut-off
value of 10.7 ng/dL that differentiates between mild
and severe MetS [21].

Paradoxically, the circulating levels PTX3 levels was
inversely associated with MetS, overweight/obesity,
and parameters of dyslipidemia, suggesting a
cardioprotective role of PTX3 in atherosclerosis [23].
Our result also suggests that circulating levels of
PTX3 were inversely correlated with the
accumulation of MetS components. Moreover, it was
reported that PTX3 was negatively associated with the
cardiovascular risk factors of atherosclerosis, contrary
to CRP [23]. In our present study, circulating levels of
PTX3 were significantly reduced after lifestyle
modification with synergistically reduction in serum
CRP, plasma glucose, and triglyceride in patients with
pre-MetS.

4.3 PTX3 as a therapeutic biomarker to enhance
coronary risk factor management in MetS

Growing body of evidence supports an important role
of PTX3 in the pathogenesis of MetS and
atherosclerosis. Increasing levels of PTX3 is strongly
associated with vascular endothelial dysfunction in
patient with non-alcoholic fatty liver disease
(NAFLD) [24]. NAFLD is also strongly associated

with atherosclerosis and cardiovascular diseases.

Although circulating levels of PTX-3 have been
found to be elevated in patients with vasculitis[4],
infarction  [25],

acute  myocardial systemic
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inflammation or sepsis [26], psoriasis, unstable angina
pectoris, and heart failure [6, 27-29]. Our data
suggests that PTX3 expression could reduce ROS
production by human visceral adipocytes. Thus,
PTX3 may reflect a higher inflammatory status
associated with increased number of components

comprising pre-MetS conditions [30].

5. Study Limitations

We would like to discuss a weakness of the study: a
study limitation is that the study cohort is comparably
small. Since circulating levels of PTX3 correlated
well with waist circumference in patients with MetS
and pre-MetS conditions, it is reasonable to speculate
that there might also be a difference between groups if
group size would be bigger. However, group sizes for
lifestyle modification were powerful enough to reveal
significant differences for a change in circulating

levels of PTX3 and other inflammatory biomarkers.

6. Conclusions

In summary, relatively low circulating levels of PTX3
were associated with accumulations of MetS risk
scores and other MetS-related comorbidity,
independent of CRP, LDL cholesterol, or HbAlc.
Circulating PTX3 may be a novel biomarker for high-
risk patients with metabolic syndrome, and further
studies are warranted to assess its utility as a predictor
of incident MetS and atherogenic conditions. These
findings suggest a novel pathophysiological
mechanism underlying insulin resistance, PTX3
dysfunction, and metabolic syndrome. Moreover,
lifestyle modification increased circulating levels of
PTX3 in relation to the reduction in waist
circumference, vascular inflammation, and blood
pressure, suggesting that this degree of circulating
PTX3-guided weight management may be effective

for cardiovascular benefit and prevention of
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cardiovascular events.
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