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The long pentraxin PTX3 is a member of the pentraxin family produced locally by stromal

and myeloid cells in response to proinflammatory signals and microbial moieties. The

prototype of the pentraxin family is C reactive protein (CRP), a widely-used biomarker

in human pathologies with an inflammatory or infectious origin. Data so far describe

PTX3 as a multifunctional protein acting as a functional ancestor of antibodies and

playing a regulatory role in inflammation. Cardiovascular disease (CVD) is a leading

cause of mortality worldwide, and inflammation is crucial in promoting it. Data from

animal models indicate that PTX3 can have cardioprotective and atheroprotective roles

regulating inflammation. PTX3 has been investigated in several clinical settings as

possible biomarker of CVD. Data collected so far indicate that PTX3 plasma levels rise

rapidly in acute myocardial infarction, heart failure and cardiac arrest, reflecting the extent

of tissue damage and predicting the risk of mortality.
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INTRODUCTION

According to the World Health Organization (WHO), an estimated 17 million people globally
die of cardiovascular diseases (CVD) every year, with important implications in terms of quality
of life and social costs1 Experimental and clinical evidence points to inflammation as a major
cause of atherosclerosis, the underlying mechanism of CVD (1, 2). Accordingly, therapies targeting
inflammation show promising results, as demonstrated by the successes of statins therapy, due not
only to their effects on cholesterol, but also on the control of inflammation (3); or anti-interleukin-
1β (IL-1β) appears to lower cardiovascular event rates (4).

The inflammatory response is mediated by a set of cells and soluble proteins belonging to the
innate immune system. The humoral arm of the innate immune response includes components of
the complement cascade and soluble pattern recognition molecules (PRM), particularly collectins
(surfactant protein-A, [SP-A], and SP-D), ficolins, (ficolin-1;−2;−3) and members of the pentraxin
family (C-reactive protein [CRP], serum amyloid P component [SAP], and long pentraxin 3
[PTX3]) (5–7). Therefore, soluble PRM are a heterogeneous group of proteins acting as functional
ancestors of antibodies and key roles as regulators of inflammation playing as effectors and
modulators of the innate immune response in animals and man.

1Source: http://www.euro.who.int/en/health-topics/noncommunicable-diseases/cardiovascular-diseases/cardiovascular-

diseases2.
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CRP, one of the prototypic molecules of the pentraxin family,
is a systemic biomarker of inflammation widely used in the
clinic to monitor infections and inflammatory conditions (7).
Epidemiological studies have consistently associated raised CRP
serum levels with an increased risk of acute myocardial infarction
(MI), stroke, and peripheral artery disease (8). In studies to date,
CRP has emerged not only as a biomarker of CVD, but also as an
independent predictor of adverse cardiovascular events.

PTX3, identified as a cognate molecule of CRP, is a
multifunctional protein with complex regulatory roles in
inflammation and extracellular matrix organization and
remodeling (9). In men and mice PTX3 blood levels rise rapidly
and dramatically in different pathological conditions with an
inflammatory and/or infectious origin and have been investigated
in several studies (Figure 1). The main characteristic of PTX3
is that it rises faster than CRP (peak at 6–8 h for PTX3; 24–48 h
for CRP), very likely because of local vs. systemic production
of the two proteins (9). The question is “How can a member
of the humoral innate immunity be involved in cardiovascular
health and disease?” Here we review the key properties of PTX3
as prototypic member of the pentraxin superfamily in relation to
cardiovascular pathology.

The properties of PTX3 have been widely studied in humans
and mice, using genetic approaches made possible by the
high level of conservation of this molecule among species (5).
The review will specifically deal with (1) vascular disorders,
in which PTX3 has been found to play a role, but also (2)
cardiac diseases such as myocardial infarction, heart failure (HF)
and cardiac arrest (CA). While it has long been known that
atherosclerosis is an inflammatory disease (10) and consequently
innate and adaptive immune responses are expected to play a
role, the involvement of PTX3 in cardiac diseases is somewhat
less evident.

THE PENTRAXIN SUPERFAMILY: CRP
AND PTX3

The Pentraxin superfamily comprises long and short pentraxins
(9). CRP and SAP were identified as the prototypes of the short
pentraxin family; PTX3 was cloned in the late 1980’s and is
considered the prototype of the long pentraxin arm, its gene and
protein sequences being almost twice the sequences of CRP and
SAP. PTX3 is a key molecule playing complex regulatory roles
at the crossroads of innate immunity, inflammation, tissue repair
and cancer (9). A strong association has been reported between
PTX3 genetic variants, affecting circulating levels of the protein,
and susceptibility to fungal infections, suggests therapeutic use of
the protein (11–15).

The main biochemical and biological characteristics of CRP
and PTX3 have been amply described in several reviews, some of
which published very recently (7, 9). Here we will only underline
the main differences between the two proteins and some aspects
possibly helpful to define their role in CVD.

Although both CRP and PTX3 are considered acute phase
proteins, they differ in their producing cells and inducing
stimuli. The short pentraxins CRP and SAP are produced

FIGURE 1 | Number of publications/year from PubMed and Embase on PTX3

as an early indicator of acute myocardial infarction and cardiovascular

diseases in humans. SEARCH QUERY: (ptx3 OR “pentraxin 3”/exp/ descriptor)

AND “cardiovascular disease”/exp/descriptor AND 2000–2018*. Same search

strategy was applied for PTX3 AND Atherosclerosis, Acute Myocardial

Infarction (AMI), Heart Failure (HF) and cardiac arrest (CA). * 2018 included only

10 months.

primarily in the liver in response to IL-6, reflecting a systemic
response, while PTX3 is produced locally by a wide range of
stromal and myeloid cells, including monocytes, endothelial cells
(EC), and fibroblasts, but not hepatocytes (Figure 2). Primary
pro-inflammatory signals, interleukin- (IL-) 1β (IL-1β) and
TNFα, or bacterial moieties engaging Toll-like receptors (TLR),
such as bacterial lipopolysaccharides (LPS), flagellin and outer
membrane proteins, are major inducers of PTX3, while IL-6 is
ineffective. Polymorphonuclear leucocytes (PMN) have a store
of mature PTX3 produced during the differentiation from bone
marrow precursors and accumulated in their granules, ready
to be released in response to microbial recognition or tissue
damage (16).

Vascular EC are a major source of PTX3 in response to
inflammatory signals. Anti-inflammatory and atheroprotective
signals, such as high density lipoproteins (HDL) and IL-10 induce
PTX3 expression. This suggests a potential regulatory role of
PTX3 in the innate and adaptive immune responses as well as
being an anti-atherogenic molecule (17–19).

The NF-κB pathway is involved in the cascade of molecular
events leading to PTX3 expression, as initially demonstrated in
a model of acute myocardial ischemia (AMI) and reperfusion in
mice (20), and subsequently confirmed by other studies (21, 22).
In the model of myocardial infarction in mice, induction of
ischemia resulted in upregulation of PTX3 production, an effect
almost completely absent in il-1r1- ormyd88-deficient mice.

Recent data have indicated a role of PTX3 in tissue remodeling
and repair. In different models of tissue damage, PTX3 was
localized in the pericellular provisional fibrin matrix, where
it promoted migration and invasive phenotype of remodeling
cells (23). Excessive fibrin accumulation was observed in skin,
liver and lung injury models in ptx3-deficient mice, while
in a murine model of arterial thrombosis PTX3 released by
EC inhibited platelet aggregation, dampening thrombogenesis
(23, 24). In addition, PTX3 is involved in edema resolution
and scar formation in a model of brain ischemic injury in
mice (25). Finally, we recently reported a non-redundant role
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FIGURE 2 | Cellular sources and main functions of the long pentraxin PTX3. The protein is induced by primary proinflammatory stimuli, TLR engagement, microbe

recognition and ischemia by myeloid and stromal cells. PTX3 is a multifunctional protein playing a role in the orchestration of tissue repair through the regulation of

fibrin deposition, and it regulates inflammation, modulating complement activity and limiting neutrophils infiltration in inflamed tissues. Finally, PTX3 is a molecule of the

innate immunity and exerts protective roles against selected pathogens acting as and opsonin. The functional role of PTX3 in the main discussed pathology is

highlighted by asterisks. However, for some of them, PTX3 has been explored only as a biomarker and there is little evidence of its functional involvement.

of PTX3 in physiological skeletal remodeling and in proper
matrix mineralization during bone fracture repair (26). These
observations illustrated how PTX3 can play essential roles in
tissue remodeling and repair.

The data summarized here indicate the complex regulation
of PTX3 production from different cell types in response to
different stimuli, and very likely reflect the different roles of this
multifunctional protein in the innate immune response and as a
constituent of the extracellular matrix. In addition, the induction
of PTX3 by anti-inflammatory and atheroprotective signals such
as HDL and IL-10 may reflect a possible protective function of
PTX3 on EC and vascular integrity.

PTX3 is also expressed during sterile inflammation. For
instance, in the model of experimental myocardial infarction
(MI) mentioned, ptx3-deficient mice had greater myocardial
lesions, more leukocyte infiltration, more cell death and
higher complement C3 deposition in the infarcted area
(20). This suggests that PTX3 might have a non-redundant
cardioprotective role in mice, acting on the inflammation and
tissue damage associated with reperfusion possibly by affecting

the classical and the alternative pathways of complement
activation (20). In addition, PTX3 can regulate leukocyte
extravasation through an interaction with P-selectin (27),
reducing neutrophil recruitment in inflamed sites. PTX3 can also
interact with platelets via P-selectin exposed on their surface,
and dampens the proinflammatory and prothrombotic effects
of activated platelets, further contributing to a cardioprotective
role (28).

In contrast, in a mouse model of transverse aortic
constriction (TAC), PTX3 modulated the hypertrophic
response and ventricular dysfunction following an increased
afterload. Specifically, echocardiography indicated that PTX3
overexpression promoted tissue remodeling, left ventricular
dysfunction, and increased myocardial fibrosis, while these
responses were suppressed in ptx3-deficient mice (29).

PTX3 IN CVD

The findings summarized above underline the dual role of PTX3
in sterile and non-sterile inflammation. Here we will examine the
role of PTX3 in four cardiovascular disorders:

1. Atherosclerosis,
2. Acute MI (AMI)
3. Heart failure (HF)
4. Cardiac arrest (CA).

We briefly discuss the evidences of the possible roles played by
PTX3 and its potential as a circulating biomarker of diagnosis
and/or prognosis in each disease.

Atherosclerosis
PTX3 is produced by different cell types potentially involved
in atherosclerosis, in particular EC, smooth muscle cells and
macrophages (Figure 2). Staining of advanced atherosclerotic
lesions in humans showed strong expression of PTX3,
mainly by macrophages and EC, but also by smooth
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muscle cells (30). Different pro-inflammatory molecules
are produced in an atherosclerotic lesion, particularly
cytokines such as TNFα and IL-1, and oxidized low-
density lipoproteins (oxLDL) These soluble factors may
well be responsible for the production of PTX3 by target
cells (31).

Investigations were made in PTX3/apolipoprotein E double
knockout mice (ptx3/apoE-/-) The lack of PTX3 in animals
with a genetic background making them susceptible to
atherosclerosis resulted in larger areas of atherosclerotic
lesions, greater accumulation of macrophages, higher expression
of adhesion molecules, cytokines and chemokines in the
vascular wall (19). Vascular inflammation was more marked,
suggesting that PTX3 could exert an atheroprotective effect
in mice.

Smooth muscle cells are important players in atherosclerosis

and are activated after arterial injury. The soluble mediators
produced by injured arteries include fibroblast growth factor

2 (FGF2), one of the well-characterized ligands recognized

by PTX3 (32, 33). FGF2 plays important roles in vivo by
promoting angiogenesis and revascularization during wound

healing, inflammation, atherosclerosis, and tumor growth. PTX3
has been reported to act as a competitor of FGF2, blocking its

interaction to its receptor and thus influencing neo-angiogenesis.

In addition, it has been recently reported that PTX3 interaction
with FGF2 might contribute to the maintenance of bone mass

in homeostatic and pathological conditions, affecting the cross-

talk between inflammatory cells and endothelium (26, 34). The

specific interaction between PTX3 and FGF2 also results in
the inhibition of FGF-dependent proliferation in vitro (35). In
addition, FGF2 exerts a potent inhibitory effect on the activation
of smooth muscle cells, suggesting that PTX3 might affect the
activation of SMC after arterial injury (35).

In summary, there are various evidences that PTX3 may play
a role in atherosclerosis:

1. PTX3 is expressed more in leukocytes and in adipose tissue
from patients with high levels of low-density lipoprotein
(LDL) compared to those with low levels (36).

2. PTX3 expression in visceral fat of obese individuals is
determined by both LDL/ high density lipoprotein (HDL)
ratio and fibrinogen (37).

3. Treatment of EC with lysophosphatidic acid led to a marked
upregulation of PTX3 both in terms of mRNA and protein
level (38).

4. Immunohistochemistry (ICH) on human atherosclerotic
lesions showed that macrophages and PMN cells infiltrating
the atherosclerotic plaques were positive for PTX3 (30, 39).

5. PTX3 expression in human EC was upregulated by
HDL, whereas there were no effects on CRP and SAP
expression (19).

6. In apolipoprotein E-deficient mice, the inflammatory reaction
of the vascular wall and macrophage accumulation in the
plaque were markedly increased by the lack of PTX3 (19, 31).

7. PTX3 plays a protective role in arterial thrombosis by
dampening the pro-thrombotic effects of fibrinogen and
collagen (23, 24)

Acute Myocardial Infarction (AMI)
One of the first in vivo findings on PTX3 was its high
expression in murine hearts after injection of LPS (40). Specific
immunostaining for PTX3 was also observed in heart tissues
of patients who died of MI (41). In early ischemic lesions
PTX3 expression was high primarily in PMN cells, while in
more advanced lesions PTX3 positivty of granulocyte was lost
and was mainly acquired by macrophages, EC and sometimes
myocardiocytes (Figure 2).

The high conservation of PTX3 in evolution allows us to
translate to humans the observations in mice, whereas CRP and
SAP expression is regulated differently in mice and man. Based
on this consideration, a model of experimental MI based on
coronary artery ligation and reperfusion was applied to ptx3-
deficient mice (20). In this model, PTX3 mRNA expression was
upregulated in the left ventricle (LV) of wild- type animals and
circulating levels of the protein were increased, with a peak
at 24 h. IHC and confocal microscopy confirmed that major
sources of PTX3 in the infarcted heart are first granulocytes
and EC (24 h after reperfusion), followed by macrophages, that
became positive 3 days after reperfusion. Similarly, PTX3 is
released from neutrophils in the early phases of AMI in humans
(28), contributing to the rapid increases in different studies
(see below). Infarct sizes were measured in wild type and ptx3-
deficient mice, and the larger damaged area was in the absence
of the protein (20). Thus, the presence of PTX3 observed by
IHC in tissue samples from mice after ischemic injury and
confirmed in the heart of patients who died from MI, supports
a pathophysiologic role of the protein in myocardial damage
and repair.

Regulation of complement activation by PTX3 has been
considered a possible mechanism involved in tissue damage
after ischemia and reperfusion. The interaction of PTX3 with
Factor H (FH), the most important regulator of the alternative
complement pathway, was important to limit FH deposition on
PTX3-coated surfaces and to protect against oxidative stress-
induced complement and inflammasome activation (42, 43). In
addition, deposition of FH and higher complement activation
was lower in tumors growing in ptx3-deficient mice (44).
These observations strongly sustain the hypothesis that the
PTX3-FH interaction may constitute a mechanism to prevent
excessive complement activation. In the infarcted heart, C3
deposition was higher in ptx3-deficient mice and complement
depletion canceled the difference between wild- type and ptx3−/−

mice (20).
Whether PTX3 plays a role in the progression of post-

infarction left ventricular dysfunction and failure has
been the subject of research in the mouse after coronary
ligation. The results have been mostly inconclusive but
nonetheless it can be concluded with some confidence that
the role of PTX3 in left ventricular remodeling after MI is
practically irrelevant.

The production of PTX3 by vascular cells in response to
inflammatory signals and ox-LDL (17, 31) and its occurrence
in atherosclerotic lesions (30, 45), prompted investigations of
PTX3 levels in AMI (46–52). A high- sensitive (lower detection
limit 0.1 ng/mL), specific (no cross-reaction with human CRP
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FIGURE 3 | Representative concentrations of PTX3 in healthy volunteers and

in different cardiovascular diseases. Data were extrapolated from four different

publications evaluating PTX3 levels in plasma samples by sandwich ELISA.

Specifically, PTX3 levels in healthy volunteers and in acute myocardial infarction

(AMI) patients are from Peri et al. (53) in heart failure (HF) patients are from

Latini et al. (56) in cardiac arrest (CA) patients are from Ristagno et al. (57) and

in severe sepsis/septic shock patients are from Caironi et al. (58). PTX3 levels

are presented as median (interquartile range). Numbers over bars represents

the median value of plasma concentration of PTX3 expressed in ng/mL.

and SAP) ELISA based on original reagents was developed and
used tomeasure circulating levels of PTX3 in patients and healthy
volunteers. Plasma PTX3 in healthy subjects was ≤ 2 ng/mL,
with higher levels in females than males and levels increased
with aging (53–55). Patients with AMI showed an early peak
of PTX3 plasma levels observed within 6–8 h from symptom
onset (Figure 3), and baseline levels were reached within 3 days
(53, 59). In a cohort of 748 patients with MI and ST elevation
enrolled in the Lipid Assessment Trial Italian Network (LATIN),
PTX3, CRP, pro b-type natriuretic peptide (NT-proBNP) and
troponin-T were measured within the first day from the onset of
symptoms. Among all these markers, PTX3 levels >10.73 ng/mL
within the first day after MI were the only independent predictor
of three-month mortality (56). High PTX3 also predicted long-
term mortality in several subsequent prospective observational
studies (50–52).

Besides being a biomarker of MI reflecting the degree of
tissue damage, PTX3 was proposed as a prognostic tool in two
large studies aiming to identify predictive factors of CVD: the
Cardiovascular Health Study (1,583 patients analyzed) and the
Multi-Ethnic Study of Atherosclerosis (2,880 patients). These
two studies illustrated a significant relation between PTX3 levels
and cardiovascular mortality and all-cause death (60, 61). In
addition, it was recently shown that higher PTX3 levels predicted
occurrence ofMI in a cohort of young ormiddle-aged individuals
followed for a first-time MI (62).

It is not clear yet whether the impressive relation with fatal
outcome seen in most of the clinical studies actually reflects a role
of PTX3 on the pathogenesis of damage, for instance through
amplification of the complement and coagulation cascades (63,
64), or amarked protective response to severe cardiac injury. This
question has not yet been addressed, nor has that more related
to the potential role of PTX3 as an early prognostic biomarker
in MI.

Heart Failure (HF)
The role of inflammation in the progression and outcome of heart
failure (HF) is still under discussion. High levels of circulating
inflammatory molecules, in particular cytokines and CRP, are
related to more severe HF and worse outcomes. However,
whether inflammation is a cause or just a consequence of
the disease is a matter of controversy. In addition, none of
the inflammatory cytokines measurable in the plasma of HF
patients can be used singly as a basis for prognosis (65), or
even when a multi-marker approach including a range of soluble
inflammatory mediators and PTX3, was considered (66).

The prognostic role of PTX3 in chronic HF with reduced
(67, 68) or preserved (69, 70) ejection fraction has been reported
in several small studies (with ≤ 200 patients each). PTX3
levels correlated weakly with those of brain natriuretic peptide
(BNP), and ROC analysis suggested that PTX3 was superior to
BNP in the prediction of adverse outcomes (68). Other studies
(with 37–164 patients) showed that the best risk prediction
was achieved by combining three biomarkers: BNP, H-FABP
and PTX3 (67, 71). Importantly, high levels of PTX3 correlated
significantly with the presence of HF among patients with normal
LVEF and LV diastolic dysfunction (69). PTX3 was assayed at
randomization and after 3 months in 1,233 patients from the
GISSI-Heart Failure trial (GISSI-HF) and 1,457 patients from the
Controlled Rosuvastatin Multinational Trial in HF (CORONA)
(72). PTX3 was independently and significantly related to the
severity of HF. In addition, PTX3 levels were higher in older
individuals with ventricular dysfunction, worse symptoms and
co-morbidity, i.e., atrial fibrillation or diabetes. Most important,
baseline concentrations of PTX3 and three-month changes were
significantly related to fatal outcome (72). Similarly, a long-
term prospective study on patients with HF and normal ejection
fraction indicated that high baseline circulating levels of PTX3
were predictive of all-cause mortality, cardiovascular mortality or
hospitalization for worsening HF (70).

The effects of rosuvastatin in the GISSI-HF and CORONA
studies deserve a comment. Rosuvastatin (10 mg/day for 3
months) consistently reduced circulating levels of high-sensitive
CRP (hsCRP) in both the CORONA trial and GISSI-HF, in line
with its anti-inflammatory properties. In contrast, the CORONA
trial found an unexpected, opposite effect on PTX3, which
increased significantly more in rosuvastatin- treated patients
than with placebo (72). This controversial observation might
be explained by the hypothesis that statins alter the innate
immunity behavior of stimulated phagocytic cells and enhance
the production of macrophage and neutrophil extracellular traps
that contain antimicrobial proteins and PTX3 (16, 73). This
hypothesis, based on clinical and epidemiological observations
of lower susceptibility to severe bacterial infection in patients
receiving statin therapy, remains highly speculative but calls for
further investigation. According to these findings CRP and PTX3
seem to exert different but, to a certain extent, overlapping roles
in systemic and local inflammation.

Cardiac Arrest (CA)
Despite the return of spontaneous circulation (ROSC), mortality
after resuscitation from cardiac arrest remains extremely high
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(74). The well-known “post-cardiac arrest syndrome” (PCAS)
is characterized by myocardial dysfunction with circulatory
shock, systemic inflammation, and evolving brain injury (75).
Thus, clear similarities between sepsis, septic shock and
PCAS have been acknowledged (76). Indeed, upon reperfusion
after ROSC, a systemic inflammatory response occurs and
ultimately contributes to worsening of circulatory shock and
neurological damage.

Recently PTX3 has been investigated in comparison with
the classic hsCRP for the prediction of early multiple organ
dysfunction syndrome (MODS), early death, and long-term
outcome after CA. More specifically, PTX3 and hsCRP were
assayed at admission to intensive care unit (ICU) and 2 days later
in 278 out-of-hospital CA patients enrolled in the prospective
observational cohort study FINNRESUSCI, conducted in 21
hospitals in Finland (57). In this population, at ICU admission
hsCRP was normal, i.e., 2.8 [1.2–9.8] mg/L, while PTX3 already
showed large increases, i.e., 19.1 [9.2–41.8] ng/mL and levels
were higher in older patients and in patients resuscitated after
longer CA. Higher plasma levels of PTX3 were significantly
associated with MODS [AUCs 0.78 (p < 0.0001)], and values
above 24 ng/mL showed 0.8 sensitivity and 0.7 specificity for
predicting MODS. HsCRP, instead, presented a lower accuracy
(AUC of 0.6, p = 0.033) compared to PTX3 (p < 0.003) in
predicting MODS occurrence. PTX3 plasma levels were already
significantly higher at ICU admission in patients who developed
MODS and died in the ICU compared to those who did
not experience MODS and survived to ICU discharge. HsCRP
levels discriminated for MODS and ICU death only 48 h after
admission (57).

After ROSC, the levels of soluble intercellular adhesion
molecule-1, soluble vascular-cell adhesion molecule-1, and P-
and E-selectins showed early increases indicating leucocyte and
endothelial activation. This condition is ultimately associated
with a rapid PTX3 increase, as illustrated by the 10-fold higher
plasma levels already observed at ICU admission in the cohort
study. Thus, early PTX3 levels, i.e., at ICU admission after ROSC,
are independent predictors of MODS and early death, while CRP
is not. Moreover, since PTX3 levels continue to rise during ICU
recovery, the post-CA pro-inflammatory response is prolonged
and could be therefore a potential target for intervention (57).

PTX3 as Circulating Biomarker in CVD
Preclinical data in the mouse and the homology with CRP, a
molecule used to monitor inflammatory diseases and infection
in clinical practice, prompted investigation of PTX3 as possible
marker of human pathology. As seen above, PTX3 has been
investigated as a possible circulating biomarker in MI, HF and
CA, but the numbers of pathological conditions potentially
involving PTX3 as biomarker are larger. The rapid rises in PTX3
plasma levels are compatible with an acute phase response. PTX3
blood levels can reach 800 ng/ml in patients with endotoxin
shock, sepsis and infections of viral, bacterial or fungal origin
(58, 77–83). In general, PTX3 circulating levels were significantly
correlated with the severity of disease and mortality, and served
to monitor the response to therapy. In addition, PTX3 levels
rarely correlate with CRP, indicating that the two proteins

might have different roles. This lack of correlation was useful
to distinguish the presence and absence of shock in a small
cohort of patients with meningococcal disease (80). In addition,
myeloproliferative disorder patients with major thrombosis had
higher levels of hsCRP and lower levels of PTX3, thus confirming
that the two molecules modulate cardiovascular risk factors in
opposite ways (84).

The diagnostic and prognostic value of circulating PTX3 was
tested in recent studies on patients with severe sepsis and septic
shock. The Albumin Italian Outcome Sepsis (ALBIOS) trial
reported that high levels of PTX3 measured in a cohort of 958
patients on day 1 after admission to the ICU were able to predict
new organ failures, while a smaller drop in circulating PTX3 over
time predicted an increased risk of death (58). Similar increases
in plasmatic levels of PTX3 and associations with mortality
in patients with sepsis or septic shock were reported in other
studies (85–88).

PTX3 plasma levels were significantly elevated in patients with
arterial inflammation who underwent percutaneous coronary
intervention (PCI) (54, 89, 90). Systemic PTX3 levels before
PCI were associated with larger plaque area and volume, a
higher risk of plaque rupture at the culprit site and impaired
post-PCI myocardial perfusion (49). A study on 594 patients
with stable coronary artery disease (CAD) reported that PTX3
plasma levels were higher 24 h after PCI than before (91). During
the follow-up for major adverse cardiovascular events, patients
with higher post-PCI levels of PTX3 had a higher incidence of
events. Similarly, in patients with angina who underwent PCI,
PTX3 levels resulted to be an independent risk factor associated
to troponin increase after PCI (92). These data suggest that
PTX3 could provide a reliable marker for risk stratification in
patients undergoing PCI. Patients with unstable angina pectoris
have higher PTX3 levels than healthy controls, suggesting that
this long pentraxin might be a candidate marker to unstable
angina (54).

PTX3 has also been proposed as a novel marker for stent-
induced inflammation in patients with CAD after PCI (93).
PTX3 was increased in peripheral blood and in the coronary
sinus of 20 patients undergoing coronary stenting. Expression of
CD11b/CD18 on neutrophils correlated with PTX3 levels. The
relative PTX3 increase observed at 24 h was the most powerful
predictor of late lumen loss. In the same setting, CRP could
not discriminate between patients with and without re-stenosis.
These data suggested that, after vascular injury PTX3 may be
used as a marker of the inflammatory response and neointimal
thickening. Patients with re-stenosis after PCI presented a
positive transcardiac gradient, indicative of PTX3 production by
the coronary vasculature (93). The role of PTX3 in patients with
CAD was confirmed in a subsequent prospective observational
study on 75 ST elevation MI patients. High levels of PTX3
before PCI were associated with higher frequencies of plaque
rupture (49).

PTX3 levels were high in patients with small vessel vasculitis
and rheumatoid arthritis, but not in those with systemic lupus
erythematosus (94, 95). In small vessel vasculitis, a group of
autoimmune disorders characterized by inflammation of the
blood vessels, PTX3 plasma levels were higher in patients with
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active disease than in those with quiescent disease (95). EC are
responsible for PTX3 production, as shown by IHC performed
on skin sections at sites of vasculitis (96). Moreover, PTX3 is
more abundant at sites of leukocytoclastic infiltration (97). PTX3,
in contrast to the short pentraxin SAP, inhibits the uptake of
apoptotic PMNs by macrophages (97), suggesting that the long
pentraxin is a key factor in the incomplete clearance of apoptotic
and secondary necrotic PMNs observed in small-vessels vasculitis
(96). High circulating PTX3 levels were associated with vascular
injury in systemic lupus erythematosus patients, thus increasing
the dysfunction on the vascular endothelium (98).

PTX3 plasma levels also increase in patients with chronic
kidney disease (CKD) (99), and correlate with the severity of
the disease (100, 101). Hemodialysis (HD) patients have higher
circulating levels of PTX3 compared to peritoneal hemodialysis
patients (102). During the HD session, PTX3 plasma levels are
increased, suggesting that the protein could be a biomarker
of the HD-induced inflammation (103). In addition, in the
presence of peripheral or coronary artery disease, PTX3 levels
are significantly increased (102). Finally, high PTX3 levels predict
all-cause mortality and cardiovascular mortality in patients
with CKD (99), a finding reminiscent of MI data (56). PTX3
was associated with proteinuria and endothelial dysfunction
in patients with advanced CKD or type 2 diabetes (104),
suggesting that PTX3 is more than just an additional marker of
inflammation in chronic HF (105).

Preeclampsia, a pathological condition causing an exaggerated
inflammatory response resulting in endothelial dysfunction
(106–108), is a major complication of pregnancy. Circulating
levels of PTX3 are high in preeclampsia, underlining the strong
inflammatory response (108, 109). In addition, PTX3 levels in
the first trimester were altered in women who subsequently
developed preeclampsia, this confirming that an excessive
inflammatory response is one of the causal factors causing
preeclampsia in pregnant women (110).

CONCLUDING REMARKS

PTX3, the prototype member of the long pentraxin family,
is a soluble pattern recognition molecule with multifunctional
properties. Genetic approaches indicate that PTX3 is an
essential component of innate immunity and a modulator of
the inflammatory response. Not surprisingly in an intricate
field such as the immune/inflammatory response, PTX3 has
a dual character, one is good-protective against excessive

inflammatory response, the other is harmful- antiangiogenic
in cardiovascular diseases or inhibitor of phagocytosis in

nasopharyngeal carcinoma (111). In addition, the recent
observations on the involvement of PTX3 in tissue remodeling
and repair (23–26) may cast further light on the role of this
molecule in the cardiovascular pathology.

Current data are consistent with a role of PTX3 as a
novel marker of CVD (Figure 3). In general, PTX3 levels
rise rapidly, reflecting the inflammatory response affecting
vascular involvement. Thus, PTX3 has a different kinetics of
production and different patterns of recognized ligands from
CRP, a much more widely used biomarker of inflammation
and infection. Data available so far propose that CRP and
PTX3 could serve as complementary biomarkers of pathological
conditions, with CRP reflecting a systemic response while PTX3
is mainly produced locally. However, one must acknowledge
that, while the functional role of PTX3 in some vascular
disorders, i.e., atherosclerosis and MI, has been well-described,
in HF and CA, PTX3 has been explored only as a biomarker
and there is little evidence of its functional involvement.
In fact, the crucial question on each candidate biomarker
is “How long can a biomarker be called “emerging”? Are
10 years enough? Or better 20? How long should we
keep searching for evidence? It is impossible to answer
this rationallly. Although almost 50 years passed since the
discovery of natriuretic peptides and their functions, the
evidence of benefits obtained from their clinical monitoring is
still incomplete.

AUTHOR CONTRIBUTIONS

GR, BB, and RL equally contributed to work conception and
draft manuscript. FF, DO, and DN contributed to literature
review and draft parts of the manuscript. AM contributed to
manuscript revision.

FUNDING

The contribution of the European Commission
(HOMAGE FP7 305507, ESCAPE-NET H2020
agreement no. 733381), Cluster Alisei (MEDINTECH
CTN01_00177_962865) and European Research Council
(ERC project PHII—agreement no. 669415) are
gratefully acknowledged.

ACKNOWLEDGMENTS

We are grateful to Vanna Pistotti for the literature search used for
Figure 1.

REFERENCES

1. Duewell P, Kono H, Rayner KJ, Sirois CM, Vladimer G, Bauernfeind FG, et

al. NLRP3 inflammasomes are required for atherogenesis and activated by

cholesterol crystals. Nature. (2010) 464:1357–61. doi: 10.1038/nature08938

2. Geovanini GR, Libby P. Atherosclerosis and inflammation: overview and

updates. Clin Sci. (2018) 132:1243–52. doi: 10.1042/cs20180306

3. Ridker PM, MacFadyen J, Libby P, Glynn RJ. Relation of baseline

high-sensitivity C-reactive protein level to cardiovascular outcomes with

rosuvastatin in the Justification for Use of statins in Prevention: an

Intervention Trial Evaluating Rosuvastatin (JUPITER). Am J Cardiol. (2010)

106:204–9. doi: 10.1016/j.amjcard.2010.03.018

4. Ridker PM, Everett BM, Thuren T, MacFadyen JG, Chang WH, Ballantyne

C, et al. Antiinflammatory therapy with canakinumab for atherosclerotic

Frontiers in Immunology | www.frontiersin.org 7 April 2019 | Volume 10 | Article 823

https://doi.org/10.1038/nature08938
https://doi.org/10.1042/cs20180306
https://doi.org/10.1016/j.amjcard.2010.03.018
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Ristagno et al. Pentraxin 3 in Cardiovascular Disease

disease. N Engl J Med. (2017) 377:1119–31. doi: 10.1056/NEJMoa17

07914

5. Garlanda C, Bottazzi B, Bastone A, Mantovani A. Pentraxins at

the crossroads between innate immunity, inflammation, matrix

deposition, and female fertility. Annu Rev Immunol. (2005) 23:337–66.

doi: 10.1146/annurev.immunol.23.021704.115756

6. Bottazzi B, Doni A, Garlanda C,Mantovani A. An integrated view of humoral

innate immunity: pentraxins as a paradigm. Annu Rev Immunol. (2010)

28:157–83. doi: 10.1146/annurev-immunol-030409-101305

7. Pepys MB. The Pentraxins 1975–2018: serendipity, diagnostics and drugs.

Front Immunol. 9:2382. doi: 10.3389/fimmu.2018.02382

8. Avan A, Tavakoly Sany SB, Ghayour-Mobarhan M, Rahimi HR, Tajfard

M, Ferns G. Serum C-reactive protein in the prediction of cardiovascular

diseases: overview of the latest clinical studies and public health practice. J

Cell Physiol. (2018) 233:8508–25. doi: 10.1002/jcp.26791

9. Garlanda C, Bottazzi B, Magrini E, Inforzato A, Mantovani A. Ptx3, a

Humoral pattern recognition molecule, in innate immunity, tissue repair,

and cancer. Physiol Rev. (2018) 98:623–39. doi: 10.1152/physrev.00016.2017

10. Ross R. Atherosclerosis — An Inflammatory Disease. N Engl J Med. (1999)

340:115–26. doi: 10.1056/nejm199901143400207

11. Cunha C, Aversa F, Lacerda JF, Busca A, Kurzai O, Grube M, et al. Genetic

PTX3 deficiency and aspergillosis in stem-cell transplantation. N Engl J Med.

(2014) 370:421–32. doi: 10.1056/NEJMoa1211161

12. Wojtowicz A, Lecompte TD, Bibert S, Manuel O, Rueger S, Berger C,

et al. PTX3 polymorphisms and invasive mold infections after solid

organ transplant. Clin Infect Dis. (2015) 61:619–22. doi: 10.1093/cid/

civ386

13. Fisher CE, Hohl TM, Fan W, Storer BE, Levine DM, Zhao LP, et al.

Validation of single nucleotide polymorphisms in invasive aspergillosis

following hematopoietic cell transplantation. Blood. (2017) 129:2693–701.

doi: 10.1182/blood-2016-10-743294

14. Kabbani D, Bhaskaran A, Singer LG, Bhimji A, Rotstein C, Keshavjee S,

et al. Pentraxin 3 levels in bronchoalveolar lavage fluid of lung transplant

recipients with invasive aspergillosis. J Heart Lung Transplant. (2017)

36:973–9. doi: 10.1016/j.healun.2017.04.007

15. Herrero-Sanchez MC, Angomas EB, de Ramon C, Telleria JJ, Corchete LA,

Alonso S, et al. Polymorphisms in receptors involved in opsonic and non-

opsonic phagocytosis and the risk of infection in oncohematological patients.

Infect Immun. (2018) 86:e00709-18. doi: 10.1128/iai.00709-18.

16. Jaillon S, Peri G, Delneste Y, Fremaux I, Doni A, Moalli F, et al.

The humoral pattern recognition receptor PTX3 is stored in neutrophil

granules and localizes in extracellular traps. J Exp Med. (2007) 204:793–804.

doi: 10.1084/jem.20061301

17. Breviario F, d’Aniello EM, Golay J, Peri G, Bottazzi B, Bairoch A, et al.

Interleukin-1-inducible genes in endothelial cells. Cloning of a new gene

related to C-reactive protein and serum amyloid P component. J Biol Chem.

(1992) 267:22190–7.

18. Norata GD, Marchesi P, Pirillo A, Uboldi P, Chiesa G, Maina V, et al.

Long pentraxin 3, a key component of innate immunity, is modulated by

high-density lipoproteins in endothelial cells. Arterioscler Thromb Vasc Biol.

(2008) 28:925–31. doi: 10.1161/ATVBAHA.107.160606

19. Norata GD, Marchesi P, Pulakazhi Venu VK, Pasqualini F, Anselmo

A, Moalli F, et al. Deficiency of the long pentraxin PTX3 promotes

vascular inflammation and atherosclerosis. Circulation. (2009) 120:699–708.

doi: 10.1161/CIRCULATIONAHA.108.806547

20. Salio M, Chimenti S, De Angelis N, Molla F, Maina V, Nebuloni

M, et al. Cardioprotective function of the long pentraxin PTX3

in acute myocardial infarction. Circulation. (2008) 117:1055–64.

doi: 10.1161/CIRCULATIONAHA.107.749234

21. Halle M, Gabrielsen A, Paulsson-Berne G, Gahm C, Agardh HE, Farnebo

F, et al. Sustained inflammation due to nuclear factor-kappa B activation

in irradiated human arteries. J Am Coll Cardiol. (2010) 55:1227–36.

doi: 10.1016/j.jacc.2009.10.047

22. Zhao Y, Feng G, Wang Y, Yue Y, Zhao W. A key mediator, PTX3, of

IKK/IkappaB/NF-kappaB exacerbates human umbilical vein endothelial cell

injury and dysfunction. Int J Clin Exp Pathol. (2014) 7:7699–707.

23. Doni A, Musso T, Morone D, Bastone A, Zambelli V, Sironi M, et

al. An acidic microenvironment sets the humoral pattern recognition

molecule PTX3 in a tissue repair mode. J Exp Med. (2015) 212:905–25.

doi: 10.1084/jem.20141268

24. Bonacina F, Barbieri SS, Cutuli L, Amadio P, Doni A, Sironi M, et al. Vascular

pentraxin 3 controls arterial thrombosis by targeting collagen and fibrinogen

induced platelets aggregation. Biochim Biophys Acta. (2016) 1862:1182–90.

doi: 10.1016/j.bbadis.2016.03.007

25. Rodriguez-Grande B, Swana M, Nguyen L, Englezou P, Maysami S, Allan

SM, et al. The acute-phase protein PTX3 is an essential mediator of glial scar

formation and resolution of brain edema after ischemic injury. J Cereb Blood

Flow Metab. (2014) 34:480–8. doi: 10.1038/jcbfm.2013.224

26. Grcevic D, Sironi M, Valentino S, Deban L, Cvija H, Inforzato A, et al. The

long pentraxin 3 plays a role in bone turnover and repair. Front Immunol.

(2018) 9:417. doi: 10.3389/fimmu.2018.00417

27. Deban L, Castro Russo R, Sironi M, Moalli F, Scanziani M, Zambelli V, et

al. Regulation of leukocyte recruitment by the long pentraxin PTX3. Nat

Immunol. (2010) 11:328–34. doi: 10.1038/ni.1854

28. Maugeri N, Rovere-Querini P, Slavich M, Coppi G, Doni A, Bottazzi B, et al.

Early and transient release of leukocyte pentraxin 3 during acute myocardial

infarction. J Immunol. (2011) 187:970–9. doi: 10.4049/jimmunol.1100261

29. Suzuki S, Shishido T, Funayama A, Netsu S, Ishino M, Kitahara T, et al.

Long pentraxin PTX3 exacerbates pressure overload-induced left ventricular

dysfunction. PLoS ONE. (2013) 8:e53133. doi: 10.1371/journal.pone.0053133

30. Rolph MS, Zimmer S, Bottazzi B, Garlanda C, Mantovani A,

Hansson GK. Production of the long pentraxin PTX3 in advanced

atherosclerotic plaques. Arterioscler Thromb Vasc Biol. (2002) 22:e10–14.

doi: 10.1161/01.ATV.0000015595.95497.2F

31. Klouche M, Peri G, Knabbe C, Eckstein HH, Schmid FX, Schmitz G, et

al. Modified atherogenic lipoproteins induce expression of pentraxin-3 by

human vascular smooth muscle cells. Atherosclerosis. (2004) 175:221–8.

doi: 10.1016/j.atherosclerosis.2004.03.020

32. Rusnati M, Camozzi M, Moroni E, Bottazzi B, Peri G, Indraccolo

S, et al. Selective recognition of fibroblast growth factor-2 by the

long pentraxin PTX3 inhibits angiogenesis. Blood. (2004) 104:92–9.

doi: 10.1182/blood-2003-10-3433

33. Presta M, Foglio E, Churruca Schuind A, Ronca R. Long Pentraxin-

3 modulates the angiogenic activity of fibroblast growth factor-2. Front

Immunol. (2018) 9:2327. doi: 10.3389/fimmu.2018.02327

34. Presta M, Camozzi M, Salvatori G, Rusnati M. Role of the soluble pattern

recognition receptor PTX3 in vascular biology. J Cell Mol Med. (2007)

11:723–38. doi: 10.1111/j.1582-4934.2007.00061.x

35. Camozzi M, Zacchigna S, Rusnati M, Coltrini D, Ramirez-Correa G,

Bottazzi B, et al. Pentraxin 3 inhibits fibroblast growth factor 2-

dependent activation of smooth muscle cells in vitro and neointima

formation in vivo. Arterioscler Thromb Vasc Biol. (2005) 25:1837–42.

doi: 10.1161/01.ATV.0000177807.54959.7d

36. Bosutti A, Grassi G, Zanetti M, Aleksova A, Zecchin M, Sinagra G, et al.

Relation between the plasma levels of LDL-cholesterol and the expression

of the early marker of inflammation long pentraxin PTX3 and the stress

response gene p66ShcA in pacemaker-implanted patients. Clin Exp Med.

(2007) 7:16–23. doi: 10.1007/s10238-007-0118-y

37. Alberti L, Gilardini L, Zulian A, Micheletto G, Peri G, Doni A, et al.

Expression of long pentraxin PTX3 in human adipose tissue and its

relation with cardiovascular risk factors. Atherosclerosis. (2008) 202:455–60.

doi: 10.1016/j.atherosclerosis.2008.05.015

38. Gustin C, Delaive E, Dieu M, Calay D, Raes M. Upregulation of pentraxin-3

in human endothelial cells after lysophosphatidic acid exposure. Arterioscler

Thromb Vasc Biol. (2008) 28:491–7. doi: 10.1161/ATVBAHA.107.

158642

39. Savchenko A, Imamura M, Ohashi R, Jiang S, Kawasaki T, Hasegawa G, et al.

Expression of pentraxin 3 (PTX3) in human atherosclerotic lesions. J Pathol.

(2008) 215:48–55. doi: 10.1002/path.2314

40. Introna M, Alles VV, Castellano M, Picardi G, De Gioia L, Bottazzai B, et

al. Cloning of mouse ptx3, a new member of the pentraxin gene family

expressed at extrahepatic sites. Blood. (1996) 87:1862–72.

41. Nebuloni M, Pasqualini F, Zerbi P, Lauri E, Mantovani A, Vago L, et

al. PTX3 expression in the heart tissues of patients with myocardial

infarction and infectious myocarditis. Cardiovasc Pathol. (2011) 20:e27–35.

doi: 10.1016/j.carpath.2010.02.005

Frontiers in Immunology | www.frontiersin.org 8 April 2019 | Volume 10 | Article 823

https://doi.org/10.1056/NEJMoa1707914
https://doi.org/10.1146/annurev.immunol.23.021704.115756
https://doi.org/10.1146/annurev-immunol-030409-101305
https://doi.org/10.3389/fimmu.2018.02382
https://doi.org/10.1002/jcp.26791
https://doi.org/10.1152/physrev.00016.2017
https://doi.org/10.1056/nejm199901143400207
https://doi.org/10.1056/NEJMoa1211161
https://doi.org/10.1093/cid/civ386
https://doi.org/10.1182/blood-2016-10-743294
https://doi.org/10.1016/j.healun.2017.04.007
https://doi.org/10.1128/iai.00709-18.
https://doi.org/10.1084/jem.20061301
https://doi.org/10.1161/ATVBAHA.107.160606
https://doi.org/10.1161/CIRCULATIONAHA.108.806547
https://doi.org/10.1161/CIRCULATIONAHA.107.749234
https://doi.org/10.1016/j.jacc.2009.10.047
https://doi.org/10.1084/jem.20141268
https://doi.org/10.1016/j.bbadis.2016.03.007
https://doi.org/10.1038/jcbfm.2013.224
https://doi.org/10.3389/fimmu.2018.00417
https://doi.org/10.1038/ni.1854
https://doi.org/10.4049/jimmunol.1100261
https://doi.org/10.1371/journal.pone.0053133
https://doi.org/10.1161/01.ATV.0000015595.95497.2F
https://doi.org/10.1016/j.atherosclerosis.2004.03.020
https://doi.org/10.1182/blood-2003-10-3433
https://doi.org/10.3389/fimmu.2018.02327
https://doi.org/10.1111/j.1582-4934.2007.00061.x
https://doi.org/10.1161/01.ATV.0000177807.54959.7d
https://doi.org/10.1007/s10238-007-0118-y
https://doi.org/10.1016/j.atherosclerosis.2008.05.015
https://doi.org/10.1161/ATVBAHA.107.158642
https://doi.org/10.1002/path.2314
https://doi.org/10.1016/j.carpath.2010.02.005
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Ristagno et al. Pentraxin 3 in Cardiovascular Disease

42. Deban L, Jarva H, Lehtinen MJ, Bottazzi B, Bastone A, Doni A, et al. Binding

of the long pentraxin PTX3 to Factor H: interacting domains and function

in the regulation of complement activation. J Immunol. (2008) 181:8433–40.

doi: 10.4049/jimmunol.181.12.8433

43. Wang L, Cano M, Datta S, Wei H, Ebrahimi KB, Gorashi Y, et al. Pentraxin

3 recruits complement factor H to protect against oxidative stress-induced

complement and inflammasome overactivation. J Pathol. (2016) 240:495–

506. doi: 10.1002/path.4811

44. Bonavita E, Gentile S, Rubino M, Maina V, Papait R, Kunderfranco

P, et al. PTX3 is an extrinsic oncosuppressor regulating complement-

dependent inflammation in cancer. Cell. (2015) 160:700–14.

doi: 10.1016/j.cell.2015.01.004

45. Savchenko AS, Inoue A, Ohashi R, Jiang S, Hasegawa G, Tanaka T,

et al. Long pentraxin 3 (PTX3) expression and release by neutrophils

in vitro and in ulcerative colitis. Pathol Int. (2011) 61:290–7.

doi: 10.1111/j.1440-1827.2011.02651.x

46. Matsui S, Ishii J, Kitagawa F, Kuno A, Hattori K, Ishikawa M, et al. Pentraxin

3 in unstable angina and non-ST-segment elevation myocardial infarction.

Atherosclerosis. (2010) 210:220–5. doi: 10.1016/j.atherosclerosis.2009.10.033

47. Eggers KM, Armstrong PW, Califf RM, Johnston N, Simoons ML, Venge P,

et al. Clinical and prognostic implications of circulating pentraxin 3 levels in

non ST-elevation acute coronary syndrome. Clin Biochem. (2013) 46:1655–9.

doi: 10.1016/j.clinbiochem.2013.08.014

48. Guo R, Li Y,Wen J, LiW, Xu Y. Elevated plasma level of pentraxin-3 predicts

in-hospital and 30-day clinical outcomes in patients with non-ST-segment

elevation myocardial infarction who have undergone percutaneous coronary

intervention. Cardiology. (2014) 129:178–88. doi: 10.1159/000364996

49. Kimura S, Inagaki H, Haraguchi G, Sugiyama T, Miyazaki T, Hatano Y, et al.

Relationships of elevated systemic pentraxin-3 levels with high-risk coronary

plaque components and impaired myocardial perfusion after percutaneous

coronary intervention in patients with ST-elevation acute myocardial

infarction. Circ J. (2014) 78:159–69. doi: 10.1253/circj.CJ-13-0329

50. Akgul O, Baycan OF, Bulut U, Somuncu MU, Pusuroglu H, Ozyilmaz S, et al.

Long-term prognostic value of elevated pentraxin 3 in patients undergoing

primary angioplasty for ST-elevation myocardial infarction. Coron Artery

Dis. (2015) 26:592–7. doi: 10.1097/mca.0000000000000280

51. Mjelva OR, Ponitz V, Brugger-Andersen T, Grundt H, Staines H, Nilsen

DW. Long-term prognostic utility of pentraxin 3 and D-dimer as compared

to high-sensitivity C-reactive protein and B-type natriuretic peptide in

suspected acute coronary syndrome. Eur J Prev Cardiol. (2016) 23:1130–40.

doi: 10.1177/2047487315619733

52. Altay S, Cakmak HA, Kemaloglu Oz T, Ozpamuk Karadeniz F, Turer

A, Erer HB, et al. Long-term prognostic significance of pentraxin-3

in patients with acute myocardial infarction: 5-year prospective cohort

study. Anatol J Cardiol. (2017) 17:202–9. doi: 10.14744/AnatolJCardiol.

2016.7307

53. Peri G, Introna M, Corradi D, Iacuitti G, Signorini S, Avanzini F,

et al. PTX3, A prototypical long pentraxin, is an early indicator of

acute myocardial infarction in humans. Circulation. (2000) 102:636–41.

doi: 10.1161/01.CIR.102.6.636

54. Inoue K, Sugiyama A, Reid PC, Ito Y, Miyauchi K, Mukai S, et al.

Establishment of a high sensitivity plasma assay for human pentraxin3 as

a marker for unstable angina pectoris. Arterioscler Thromb Vasc Biol. (2007)

27:161–7. doi: 10.1161/01.ATV.0000252126.48375.d5

55. Yamasaki K, Kurimura M, Kasai T, Sagara M, Kodama T, Inoue K.

Determination of physiological plasma pentraxin 3 (PTX3) levels

in healthy populations. Clin Chem Lab Med. (2009) 47:471–7.

doi: 10.1515/CCLM.2009.110

56. Latini R, Maggioni AP, Peri G, Gonzini L, Lucci D, Mocarelli

P, et al. Prognostic significance of the long pentraxin PTX3 in

acute myocardial infarction. Circulation. (2004) 110:2349–54.

doi: 10.1161/01.CIR.0000145167.30987.2E

57. Ristagno G, Varpula T, Masson S, Greco M, Bottazzi B, Milani V, et al.

Elevations of inflammatory markers PTX3 and sST2 after resuscitation

from cardiac arrest are associated with multiple organ dysfunction

syndrome and early death. Clin Chem Lab Med. (2015) 53:1847–57.

doi: 10.1515/cclm-2014-1271

58. Caironi P, Masson S, Mauri T, Bottazzi B, Leone R, Magnoli M, et al.

Pentraxin 3 in patients with severe sepsis or shock: the ALBIOS trial. Eur

J Clin Invest. (2017) 47:73–83. doi: 10.1111/eci.12704

59. Helseth R, Solheim S, Opstad T, Hoffmann P, Arnesen H, Seljeflot I.

The time profile of Pentraxin 3 in patients with acute ST-elevation

myocardial infarction and stable angina pectoris undergoing percutaneous

coronary intervention. Mediators Inflamm. (2014) 2014:608414.

doi: 10.1155/2014/608414

60. Jenny NS, Arnold AM, Kuller LH, Tracy RP, Psaty BM. Associations

of pentraxin 3 with cardiovascular disease and all-cause death: the

Cardiovascular Health Study. Arterioscler Thromb Vasc Biol. (2009) 29:594–

9. doi: 10.1161/ATVBAHA.108.178947

61. Jenny NS, Blumenthal RS, Kronmal RA, Rotter JI, Siscovick DS, Psaty

BM. Associations of pentraxin 3 with cardiovascular disease: the multi-

ethnic study of atherosclerosis. J Thromb Haemost. (2014) 12:999–1005.

doi: 10.1111/jth.12557

62. Vengen IT, Enger TB, Videm V, Garred P. Pentraxin 3, ficolin-2 and

lectin pathway associated serine protease MASP-3 as early predictors

of myocardial infarction - the HUNT2 study. Sci Rep. (2017) 7:43045.

doi: 10.1038/srep43045

63. Napoleone E, Di Santo A, Bastone A, Peri G, Mantovani A, de Gaetano

G, et al. Long pentraxin PTX3 upregulates tissue factor expression in

human endothelial cells: a novel link between vascular inflammation

and clotting activation. Arterioscler Thromb Vasc Biol. (2002) 22:782–7.

doi: 10.1161/01.ATV.0000012282.39306.64

64. Napoleone E, di Santo A, Peri G, Mantovani A, de Gaetano G, Donati

MB, et al. The long pentraxin PTX3 up-regulates tissue factor in activated

monocytes: another link between inflammation and clotting activation. J

Leukoc Biol. (2004) 76:203–9. doi: 10.1189/jlb.1003528

65. Ueland T, Gullestad L, Nymo SH, Yndestad A, Aukrust P, Askevold ET.

Inflammatory cytokines as biomarkers in heart failure. Clin Chim Acta.

(2015) 443:71–7. doi: 10.1016/j.cca.2014.09.001

66. Nymo SH, Aukrust P, Kjekshus J, McMurray JJ, Cleland JG,Wikstrand J, et al.

Limited added value of circulating inflammatory biomarkers in chronic heart

failure. JACC Heart Fail. (2017) 5:256–64. doi: 10.1016/j.jchf.2017.01.008

67. Kotooka N, Inoue T, Aoki S, Anan M, Komoda H, Node K. Prognostic

value of pentraxin 3 in patients with chronic heart failure. Int J Cardiol.

(2008) 130:19–22. doi: 10.1016/j.ijcard.2007.07.168

68. Suzuki S, Takeishi Y, Niizeki T, Koyama Y, Kitahara T, Sasaki T, et al.

Pentraxin 3, a new marker for vascular inflammation, predicts adverse

clinical outcomes in patients with heart failure. Am Heart J. (2008) 155:75–

81. doi: 10.1016/j.ahj.2007.08.013

69. Matsubara J, Sugiyama S, Nozaki T, Sugamura K, Konishi M, Ohba K, et al.

Pentraxin 3 is a new inflammatory marker correlated with left ventricular

diastolic dysfunction and heart failure with normal ejection fraction. J Am

Coll Cardiol. (2011) 57:861–9. doi: 10.1016/j.jacc.2010.10.018

70. Matsubara J, Sugiyama S, Nozaki T, Akiyama E, Matsuzawa Y, Kurokawa H,

et al. Incremental prognostic significance of the elevated levels of pentraxin

3 in patients with heart failure with normal left ventricular ejection fraction.

J Am Heart Assoc. (2014) 3:928 doi: 10.1161/jaha.114.000928

71. Ishino M, Takeishi Y, Niizeki T, Watanabe T, Nitobe J, Miyamoto T,

et al. Risk stratification of chronic heart failure patients by multiple

biomarkers: implications of BNP, H-FABP, and PTX3.Circ J. (2008) 72:1800–

5. doi: 10.1253/circj.CJ-08-0157

72. Latini R, Gullestad L, Masson S, Nymo SH, Ueland T, Cuccovillo I, et al.

Pentraxin-3 in chronic heart failure: the CORONA and GISSI-HF trials. Eur

J Heart Fail. (2012) 14:992–9. doi: 10.1093/eurjhf/hfs092

73. Chow OA, von Kockritz-Blickwede M, Bright AT, Hensler ME, Zinkernagel

AS, Cogen AL, et al. Statins enhance formation of phagocyte extracellular

traps. Cell Host Microbe. (2010) 8:445–54. doi: 10.1016/j.chom.2010.10.005

74. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of

survival from out-of-hospital cardiac arrest: a systematic review

and meta-analysis. Circ Cardiovasc Qual Outcomes. (2010) 3:63–81.

doi: 10.1161/circoutcomes.109.889576

75. Nolan JP, Soar J, Cariou A, Cronberg T, Moulaert VR, Deakin CD,

et al. European resuscitation council and european society of intensive

care medicine guidelines for post-resuscitation care 2015: section 5 of

Frontiers in Immunology | www.frontiersin.org 9 April 2019 | Volume 10 | Article 823

https://doi.org/10.4049/jimmunol.181.12.8433
https://doi.org/10.1002/path.4811
https://doi.org/10.1016/j.cell.2015.01.004
https://doi.org/10.1111/j.1440-1827.2011.02651.x
https://doi.org/10.1016/j.atherosclerosis.2009.10.033
https://doi.org/10.1016/j.clinbiochem.2013.08.014
https://doi.org/10.1159/000364996
https://doi.org/10.1253/circj.CJ-13-0329
https://doi.org/10.1097/mca.0000000000000280
https://doi.org/10.1177/2047487315619733
https://doi.org/10.14744/AnatolJCardiol.2016.7307
https://doi.org/10.1161/01.CIR.102.6.636
https://doi.org/10.1161/01.ATV.0000252126.48375.d5
https://doi.org/10.1515/CCLM.2009.110
https://doi.org/10.1161/01.CIR.0000145167.30987.2E
https://doi.org/10.1515/cclm-2014-1271
https://doi.org/10.1111/eci.12704
https://doi.org/10.1155/2014/608414
https://doi.org/10.1161/ATVBAHA.108.178947
https://doi.org/10.1111/jth.12557
https://doi.org/10.1038/srep43045
https://doi.org/10.1161/01.ATV.0000012282.39306.64
https://doi.org/10.1189/jlb.1003528
https://doi.org/10.1016/j.cca.2014.09.001
https://doi.org/10.1016/j.jchf.2017.01.008
https://doi.org/10.1016/j.ijcard.2007.07.168
https://doi.org/10.1016/j.ahj.2007.08.013
https://doi.org/10.1016/j.jacc.2010.10.018
https://doi.org/10.1161/jaha.114.000928
https://doi.org/10.1253/circj.CJ-08-0157
https://doi.org/10.1093/eurjhf/hfs092
https://doi.org/10.1016/j.chom.2010.10.005
https://doi.org/10.1161/circoutcomes.109.889576
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Ristagno et al. Pentraxin 3 in Cardiovascular Disease

the european resuscitation council guidelines for resuscitation 2015.

Resuscitation. (2015) 95:202–22. doi: 10.1016/j.resuscitation.2015.07.018

76. Adrie C, Adib-Conquy M, Laurent I, Monchi M, Vinsonneau C,

Fitting C, et al. Successful cardiopulmonary resuscitation after cardiac

arrest as a “sepsis-like” syndrome. Circulation. (2002) 106:562–8.

doi: 10.1161/01.CIR.0000023891.80661.AD

77. Muller B, Peri G, Doni A, Torri V, Landmann R, Bottazzi B,

et al. Circulating levels of the long pentraxin PTX3 correlate

with severity of infection in critically ill patients. Crit Care

Med. (2001) 29:1404–7. doi: 10.1097/00003246-200107000-

00017

78. Azzurri A, Sow OY, Amedei A, Bah B, Diallo S, Peri G, et al. IFN-gamma-

inducible protein 10 and pentraxin 3 plasma levels are tools for monitoring

inflammation and disease activity in Mycobacterium tuberculosis

infection. Microbes Infect. (2005) 7:1–8. doi: 10.1016/j.micinf.2004.

09.004

79. Mairuhu AT, Peri G, Setiati TE, Hack CE, Koraka P, Soemantri A, et

al. Elevated plasma levels of the long pentraxin, pentraxin 3, in severe

dengue virus infections. J Med Virol. (2005) 76:547–52. doi: 10.1002/jmv.

20397

80. Sprong T, Peri G, Neeleman C, Mantovani A, Signorini S, van der

Meer JW, et al. Ptx3 and C-reactive protein in severe meningococcal

disease. Shock. (2009) 31:28–32. doi: 10.1097/SHK.0b013e3181

7fd543

81. Wagenaar JF, Goris MG, Gasem MH, Isbandrio B, Moalli F, Mantovani

A, et al. Long pentraxin PTX3 is associated with mortality and

disease severity in severe Leptospirosis. J Infect. (2009) 58:425–32.

doi: 10.1016/j.jinf.2009.04.004

82. Foo SS, Chen W, Taylor A, Sheng KC, Yu X, Teng TS, et al. Role of

pentraxin 3 in shaping arthritogenic alphaviral disease: from enhanced

viral replication to immunomodulation. PLoS Pathog. (2015) 11:e1004649.

doi: 10.1371/journal.ppat.1004649

83. Ciancarella V, Lembo-Fazio L, Paciello I, Bruno AK, Jaillon S, Berardi

S, et al. Role of a fluid-phase PRR in fighting an intracellular

pathogen: PTX3 in Shigella infection. PLoS Pathog. (2018) 14:e1007469.

doi: 10.1371/journal.ppat.1007469

84. Barbui T, Carobbio A, Finazzi G, Vannucchi AM, Barosi G, Antonioli E,

et al. Inflammation and thrombosis in essential thrombocythemia and

polycythemia vera: different role of C-reactive protein and pentraxin

3. Haematologica. (2011) 96:315–8. doi: 10.3324/haematol.2010.0

31070

85. Hamed S, Behnes M, Pauly D, Lepiorz D, Barre M, Becher T,

et al. Diagnostic value of Pentraxin-3 in patients with sepsis

and septic shock in accordance with latest sepsis-3 definitions.

BMC Infect Dis. (2017) 17:554. doi: 10.1186/s12879-017-

2606-3

86. Jie H, Li Y, Pu X, Ye J. Pentraxin 3, a predicator for 28-day

mortality in patients with septic shock. Am J Med Sci. (2017) 353:242–6.

doi: 10.1016/j.amjms.2017.01.003

87. Kim SB, Lee KH, Lee JU, Ann HW, Ahn JY, Jeon YD, et al. Long pentraxin 3

as a predictive marker of mortality in severe septic patients who received

successful early goal-directed therapy. Yonsei Med J. (2017) 58:370–9.

doi: 10.3349/ymj.2017.58.2.370

88. Hu C, Zhou Y, Liu C, Kang Y. Pentraxin-3, procalcitonin and lactate as

prognostic markers in patients with sepsis and septic shock. Oncotarget.

(2018) 9:5125–36. doi: 10.18632/oncotarget.23701

89. Munk PS, Breland UM, Aukrust P, Skadberg O, Ueland T, Larsen

AI. Inflammatory response to percutaneous coronary intervention in

stable coronary artery disease. J Thromb Thrombolysis. (2011) 31:92–8.

doi: 10.1007/s11239-010-0471-7

90. Alipour-Parsa S, Haybar H, Namazi MH, Safi M, Khaheshi I, Memaryan

M, et al. Evaluation of pentraxin-3 level and its related factors in patients

undergoing primary percutaneous coronary intervention. ARYA Atheroscler.

(2017) 13:73–8.

91. Haibo L, Xiaofang G, Chunming W, Jie Y, Guozhong C, Limei Z, et al.

Prognostic value of plasma pentraxin-3 levels in patients with stable coronary

artery disease after drug-eluting stent implantation. Mediators Inflamm.

(2014) 2014:963096. doi: 10.1155/2014/963096

92. Wang Z, Sato A, Akiyama D, Kimura T, Tajiri K, Hoshi T, et al.

Clinical value of plasma pentraxin 3 levels for predicting cardiac troponin

elevation after percutaneous coronary intervention. Life Sci. (2014) 95:40–4.

doi: 10.1016/j.lfs.2013.11.021

93. Kotooka N, Inoue T, Fujimatsu D, Morooka T, Hashimoto S, Hikichi

Y, et al. Pentraxin3 is a novel marker for stent-induced inflammation

and neointimal thickening. Atherosclerosis. (2008) 197:368–74.

doi: 10.1016/j.atherosclerosis.2007.05.031

94. Luchetti MM, Piccinini G, Mantovani A, Peri G, Matteucci C, Pomponio

G, et al. Expression and production of the long pentraxin PTX3

in rheumatoid arthritis (RA). Clin Exp Immunol. (2000) 119:196–202.

doi: 10.1046/j.1365-2249.2000.01110.x

95. Fazzini F, Peri G, Doni A, Dell’Antonio G, Dal Cin E, Bozzolo E, et al.

PTX3 in small-vessel vasculitides: an independent indicator of disease

activity produced at sites of inflammation. Arthritis Rheum. (2001) 44:2841–

50. doi: 10.1002/1529-0131(200112)44:12<2841::AID-ART472>3.0.

CO;2-6

96. van Rossum AP, Pas HH, Fazzini F, Huitema MG, Limburg PC, Jonkman

MF, et al. Abundance of the long pentraxin PTX3 at sites of leukocytoclastic

lesions in patients with small-vessel vasculitis. Arthritis Rheum. (2006)

54:986–91. doi: 10.1002/art.21669

97. van Rossum AP, Fazzini F, Limburg PC, Manfredi AA, Rovere-Querini

P, Mantovani A, et al. The prototypic tissue pentraxin PTX3, in contrast

to the short pentraxin serum amyloid P, inhibits phagocytosis of late

apoptotic neutrophils by macrophages. Arthritis Rheum. (2004) 50:2667–74.

doi: 10.1002/art.20370

98. Cieslik P, Hrycek A. Pentraxin 3 as a biomarker of local inflammatory

response to vascular injury in systemic lupus erythematosus.

Autoimmunity. (2015) 48:242–50. doi: 10.3109/08916934.2014.9

83264

99. Tong MCJ, Qureshi AR, Anderstam B, Heimburger O, Barany P, et

al. Plasma Pentraxin 3 in chronic kidney disease patients: association

with renal function, protein-energy wasting, cardiovascular disease and

mortality. Clin J Am Soc Nephrol. (2007) 2:889–97. doi: 10.2215/CJN.008

70207

100. Yilmaz MI, Sonmez A, Ortiz A, Saglam M, Kilic S, Eyileten T, et al. Soluble

TWEAK and PTX3 in Nondialysis CKD patients: impact on endothelial

dysfunction and cardiovascular outcomes. Clin J Am Soc Nephrol. (2011)

6:785–92. doi: 10.2215/cjn.09231010

101. Witasp A, Ryden M, Carrero JJ, Qureshi AR, Nordfors L, Naslund E,

et al. Elevated circulating levels and tissue expression of pentraxin 3 in

uremia: a reflection of endothelial dysfunction. PLoS ONE. (2013) 8:e63493.

doi: 10.1371/journal.pone.0063493

102. Boehme M, Kaehne F, Kuehne A, Bernhardt W, Schroder M, Pommer W,

et al. Pentraxin 3 is elevated in haemodialysis patients and is associated

with cardiovascular disease. Nephrol Dial Transplant. (2007). 22:2224–9.

doi: 10.1093/ndt/gfl747

103. Oldani S, Finazzi S, Bottazzi B, Garlanda C, Baldassarre E, Valaperta S, et

al. Plasma pentraxin-3 as a marker of bioincompatibility in hemodialysis

patients. J Nephrol. (2012) 25:120–6. doi: 10.5301/JN.2011.8432

104. Suliman ME, Yilmaz MI, Carrero JJ, Qureshi AR, Saglam M, Ipcioglu

OM, et al. Novel links between the long pentraxin 3, endothelial

dysfunction, and albuminuria in early and advanced chronic kidney

disease. Clin J Am Soc Nephrol. (2008) 3:976–85. doi: 10.2215/CJN.039

60907

105. Malaponte G, Libra M, Bevelacqua Y, Merito P, Fatuzzo P, Rapisarda F, et

al. Inflammatory status in patients with chronic renal failure: the role of

PTX3 and pro-inflammatory cytokines. Int J Mol Med. (2007) 20:471–81.

doi: 10.3892/ijmm.20.4.471

106. Rinehart BK, Terrone DA, Lagoo-Deenadayalan S, Barber WH, Hale EA,

Martin JNJr, et al. Expression of the placental cytokines tumor necrosis factor

alpha, interleukin 1beta, and interleukin 10 is increased in preeclampsia. Am

J Obstet Gynecol. (1999) 181:915–20. doi: 10.1016/S0002-9378(99)70325-X

107. Benyo DF, Smarason A, Redman CW, Sims C, Conrad KP. Expression of

inflammatory cytokines in placentas from women with preeclampsia. J Clin

Endocrinol Metab. (2001) 86:2505–12. doi: 10.1210/jc.86.6.2505

108. Rovere-Querini P, Antonacci S, Dell’antonio G, Angeli A, Almirante

G, Cin ED, et al. Plasma and tissue expression of the long

Frontiers in Immunology | www.frontiersin.org 10 April 2019 | Volume 10 | Article 823

https://doi.org/10.1016/j.resuscitation.2015.07.018
https://doi.org/10.1161/01.CIR.0000023891.80661.AD
https://doi.org/10.1097/00003246-200107000-00017
https://doi.org/10.1016/j.micinf.2004.09.004
https://doi.org/10.1002/jmv.20397
https://doi.org/10.1097/SHK.0b013e31817fd543
https://doi.org/10.1016/j.jinf.2009.04.004
https://doi.org/10.1371/journal.ppat.1004649
https://doi.org/10.1371/journal.ppat.1007469
https://doi.org/10.3324/haematol.2010.031070
https://doi.org/10.1186/s12879-017-2606-3
https://doi.org/10.1016/j.amjms.2017.01.003
https://doi.org/10.3349/ymj.2017.58.2.370
https://doi.org/10.18632/oncotarget.23701
https://doi.org/10.1007/s11239-010-0471-7
https://doi.org/10.1155/2014/963096
https://doi.org/10.1016/j.lfs.2013.11.021
https://doi.org/10.1016/j.atherosclerosis.2007.05.031
https://doi.org/10.1046/j.1365-2249.2000.01110.x
https://doi.org/10.1002/1529-0131(200112)44:12<2841::AID-ART472>3.0.CO;2-6
https://doi.org/10.1002/art.21669
https://doi.org/10.1002/art.20370
https://doi.org/10.3109/08916934.2014.983264
https://doi.org/10.2215/CJN.00870207
https://doi.org/10.2215/cjn.09231010
https://doi.org/10.1371/journal.pone.0063493
https://doi.org/10.1093/ndt/gfl747
https://doi.org/10.5301/JN.2011.8432
https://doi.org/10.2215/CJN.03960907
https://doi.org/10.3892/ijmm.20.4.471
https://doi.org/10.1016/S0002-9378(99)70325-X
https://doi.org/10.1210/jc.86.6.2505
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Ristagno et al. Pentraxin 3 in Cardiovascular Disease

pentraxin 3 during normal pregnancy and preeclampsia. Obstet

Gynecol. (2006) 108:148–55. doi: 10.1097/01.AOG.0000224607.4

6622.bc

109. Cetin I, Cozzi V, Pasqualini F, Nebuloni M, Garlanda C, Vago L, et al.

Elevated maternal levels of the long pentraxin 3 (PTX3) in preeclampsia and

intrauterine growth restriction. Am J Obstet Gynecol. (2006) 194:1347–53.

doi: 10.1016/j.ajog.2005.11.018

110. Cetin I, Cozzi V, Papageorghiou AT, Maina V, Montanelli A, Garlanda

C, et al. First trimester PTX3 levels in women who subsequently develop

preeclampsia and fetal growth restriction. Acta Obstet Gynecol Scand. (2009)

88:846–9. doi: 10.1080/00016340902971441

111. Hsiao YW, Li CF, Chi JY, Tseng JT, Chang Y, Hsu LJ, et al. CCAAT/enhancer

binding protein delta in macrophages contributes to immunosuppression

and inhibits phagocytosis in nasopharyngeal carcinoma. Sci Signal. (2013)

6:ra59. doi: 10.1126/scisignal.2003648

Conflict of Interest Statement: The authors declare that the research was

conducted in the absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The reviewer LD declared a past co-authorship with several of the authors

to the handling editor.

Copyright © 2019 Ristagno, Fumagalli, Bottazzi, Mantovani, Olivari, Novelli

and Latini. This is an open-access article distributed under the terms of

the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s)

and the copyright owner(s) are credited and that the original publication in

this journal is cited, in accordance with accepted academic practice. No use,

distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Immunology | www.frontiersin.org 11 April 2019 | Volume 10 | Article 823

https://doi.org/10.1097/01.AOG.0000224607.46622.bc
https://doi.org/10.1016/j.ajog.2005.11.018
https://doi.org/10.1080/00016340902971441
https://doi.org/10.1126/scisignal.2003648
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles

	Pentraxin 3 in Cardiovascular Disease
	Introduction
	The Pentraxin Superfamily: CRP and PTX3
	PTX3 in CVD
	Atherosclerosis
	Acute Myocardial Infarction (AMI)
	Heart Failure (HF)
	Cardiac Arrest (CA)
	PTX3 as Circulating Biomarker in CVD

	Concluding Remarks
	Author Contributions
	Funding
	Acknowledgments
	References


