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Abstract

Background: Metabolic syndrome (MetS) is
associated with an increased risk of developing
atherosclerotic cardiovascular diseases. Pentraxin 3
(PTX3) is an acute phase protein strongly expressed

by advanced atherosclerotic lesions.

Methods and Results: To determine the functional
role of PTX3 in MetS patients, cultured human
visceral adipocytes were treated with human
recombinant PTX3 (hr- PTX3) in various conditions.
Reactive oxygen species (ROS) production from
differentiated adipocytes (detected by
dichlorodihydrofluorescein diacetate) was markedly

reduced by the treatment of hr-PTX3 (44% reduction,
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P < 0.01). The inhibition was dependent on the
intracellular lipid contents identified by functional
knock down of Niemann-Pick C1-like 1 (NPC1L1), a

cholesterol transporter, using small interfering RNA.

Conclusions: PTX3-induced ROS reduction in
human adipocytes suggested that MetS patients with
reduced levels of PTX3 are high-risk patients for
cardiovascular disease. In patients with MetS,
circulating levels of PTX3 may be a novel biomarker
to help predict the effectiveness of total risk

management for cardiovascular prevention.
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1. Background

Metabolic syndrome (MetS) is associated with an
increased risk of developing atherosclerotic
cardiovascular diseases [1]. Increased secretion of
proinflammatory cytokines by adipose tissue and
dysfunctional vascular endothelium are important
factors to progress atherosclerosis in patients with
MetS [2]. Pentraxin 3 (PTX3) is an acute phase
protein that belongs to the pentraxin super family, a
group of proteins that also includes C-reactive protein
(CRP) and serum amyloid P (SAP) component.
PTX3 belongs to the long pentraxins, whereas CRP
and SAP are recognized as classic short pentraxins.
PTX3 is strongly expressed by advanced
atherosclerotic lesions as primary inflammatory
response in association with macrophage and
neutrophils infiltration [3]. PTX3 is accordingly
considered a potential specific biomarker for
atherosclerotic lesions. We hypothesized that
circulating PTX3 could be a useful biomarker for
systemic inflammation in patients with MetS. To
examine the functional role of PTX3 in MetS
patients, we cultured human visceral adipocytes and
treated with human recombinant PTX3 (hr-PTX3).

2. Material and Methods

2.1 Human visceral adipocytes culture

To clarify the functional role of PTX3 in MetS
patients, we cultured human visceral adipocytes and
stimulated with human recombinant PTX3 (hr-PTX3)
in the basal media or the growth factor-riched
differentiation media. Primary human visceral
adipocytes were cultured in the basal media (PBM2)
and differentiated for about 3 weeks in the
differentiation growth media (PGM2). Human
primary cells and their media were purchased from
Lonza Walkersville, Inc. (Walkersville, MD). When
cells were growth enough, adipocytes were treated
with hr-PTX3 (Abnova, Taipei, Taiwan) in PBM2 or
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PGM2.

2.2 Measurement of cytokines

Concentrations of human PTX3 and adiponectin in
cell culture supernatant 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 CircuLex™
human adiponectin ELISA Kit (CycLex Co., Ltd.,
Nagano, Japan), respectively. Samples were
processed according to the manufacturer’s

instructions.

2.3 Functional analysis for PTX3-treated
adipocytes

Adipocytes-derived reactive oxygen species (ROS)
production was measured by CM- H, DCFDA
(Molecular Probes Inc., Eugene, OR) with or without
PEG-catalase (100 U/mL) as a negative control. To
reduce intracellular lipid contents in adipocytes,
small interference RNA (siRNA) was used for
functional knockdown of cholesterol transporter,
Niemann-Pick C1-like 1 (NPC1L1), using SiRNA
(human NPC1L1 siRNA; Santa Cruz Biotechnology,
Inc., Santa Cruz, CA). The intracellular lipid contents
were detected by AdipoRed (Takara, Japan) and cell
viability was confirmed by MTT assay (Roche

Applied Science, Mannheim, Germany).

3. Results

3.1 Functional role of PTX3 in human adipocytes

To determine the functional role of PTX3 in MetS
patients, cultured human visceral adipocytes were
treated with hr-PTX3 in various conditions. As
shown in Figure 1, the growth media-induced
hydrogen peroxide production from differentiated
adipocytes detected by DCFDA was markedly
reduced by the treatment of hr-PTX3 for 15 min
(44% reduction, P < 0.01).
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Figure 1: Effect of PTX3 on the growth media-induced ROS production in human adipocytes.

Cultured human visceral adipocytes were differentiated and treated with hr-PTX3 in various conditions (in the basal
media or the differentiation media; treated with hr- PTX3 0-80 ng/mL). The growth media-induced hydrogen
peroxide production was detected by DCFDA. Values are means £ SE. * P < 0.05. ROS, reactive oxygen species;
DCFDA, 5-(and-6)-chloromethyl-2',7'-dichlorodihydrofluorescein diacetate, acetyl ester (CM-H2DCFDA); hr-

PTX3, human recombinant pentraxin 3.

NPC1L1 staining in human visceral adipocytes
transfected with control or NPC1L1 siRNAs
Control siRNA NPC1L1 siRNA

Inverted
Control siRNA

Figure 2: Cultured human visceral adipocytes transfected control or NPC1L1 siRNAs.
Differentiated human adipocytes were transfected with siRNA of human NPC1L1, a cholesterol transporter, to
reduce lipids contents in cultured adipocytes (right panels). Control siRNA was also transfected as the same
procedure (left panels). To check the efficacy of NPC1L1 siRNA transfection, NPC1L1 staining (green) was shown
in upper panels. In NPC1L1 siRNA transfected adipocytes (right panels) were less intracellular accumulation of

adipose droplets, which were observed as brightly light circular accumulations.
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Furthermore, to examine the relationship between
ROS production and the amount of lipid contents,
differentiated human adipocytes were transfected
with siRNA of human NPC1L1, a cholesterol
transporter, to reduce lipids contents in cultured
adipocytes. As shown in Figure 2, NPC1L1 siRNA
decreased on intracellular lipid droplets in cultured
human visceral adipocytes. The reduction of lipid
contents induced by NPC1L1 siRNA was measured
by AdipoRed (average 42% decrease, P < 0.05). The
ROS-reducing effect of hr-PTX3 was attenuated by
the decrease of intracellular lipid contents with
functional knock down of NPCL1L1 using siRNA
transfection (P < 0.05).

4. Discussion

The present study showed that growth factors-
induced ROS production in cultured human
differentiated visceral adipocytes was significantly
reduced by hr-PTX3. The inhibition was dependent
on the intracellular lipid contents. PTX3-induced
ROS reduction in human adipocytes suggest that
athero-protective role of PTX3 in atherogenic
patients, such as MetS patients. On the other hand,
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 [4, 5]. The weight gain was
associated with significantly increased body fat, food
intake, glucose, insulin, glucagon, cholesterol, and
leptin. Histological analysis of various organs
showed only increased size of pancreatic islets in

mutant mice.

According to a recent study, circulating PTX3 and
CRP antagonistically participate in the development
of obesity and MetS [6]. Circulating PTX3 levels are
very low in normal subjects but are rapidly and
dramatically increased by inflammation, acute
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coronary syndrome [7], and autoimmune diseases.
PTX3 concentrations are increased in patients with
type 2 diabetes, obesity, or polycystic ovary
syndrome [8-10]. Using PTX3 knockout mice, it is
revealed that PTXX3 regulates anti-inflammatory
miR-21 expression and secretion in brown adipocytes
during lipopolysaccharide (LPS)-induced inflame-
mation [11]. Besides, protective role of PTX3 in
LPS-induced sustained inflammation in adipose
tissue using PTX3 knockdown 3T3-L1 cells was also

examined [12]. Ptx3 gene promoters contain activator
protein-1 (AP-1), nuclear factor kappa B (NF-kB),

and selective promoter 1 (SP1). These molecules are
important to regulate inflammation, and PTX3 could
play a central role in the control of inflammation and
metabolism [12]. Further studies are needed to clarify
roles of PTX3 in the progress of atherosclerosis.
PTX3-induced ROS reduction in human adipocytes
suggested that MetS patients with reduced levels of
PTX3 are high-risk patients for cardiovascular
disease. In summary, circulating levels of PTX3 may
be a novel biomarker to help predict the effectiveness
of total risk management for cardiovascular

prevention.
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