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Summary: Inflammation has been recognized to form an integral part of the atherosclerotic process. Much consideration
has been given lately to the role played in atherogenesis by C-reactive protein (CRP). Although not accepted unequivocally, CRP appears to be not only a marker, but also an active mediator of the atherosclerotic process. Pentraxin 3 (PTX3)
is a newly identified acute phase reactant which shares some structural and some functional properties with CRP. On the
other hand, pentraxin 3 displays unique biological properties of its own, including a possible role in the pathogenesis of
cardiovascular diseases and in processes accompanying the natural evolution of surgical wounds. This review article discusses recent information concerning basic pentraxin 3 biology in inflammation and in innate immunity reactions as
viewed by a cardiologist in the context of acute coronary events and by a surgeon in patients struck with multiple wounds
who are at the same time menaced by bacterial infections.
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Introduction
Two so-called short pentraxins, C-reactive protein
(CRP) and the serum amyloid P component (SAP), are
known to operate as acute phase reactants. In humans,
CRP is beyond any doubt the more important of the two,
while the function of SAP is only partially understood. In
mice on the other hand the reverse situation is encountered, with CRP playing negligible, if any, role in the acute
phase response. Both pentraxins are produced in the liver,
with interleukin (IL)-6 being the key regulatory mediator,
at least as far as human CRP is concerned. Additional sites
of CRP production have been identified in the last few
years, e.g. the kidney and the vascular wall. However, the
respective contribution of these alternative sources to the
overall CRP elevation during an acute inflammation does
not seem to attain much biological significance (5). By contrast, the role of CRP as a marker or even a mediator of lowgrade chronic inflammatory processes, such as rheumatoid
arthritis or atherosclerosis, has been a subject of much experimental and clinical research. Although not accepted
unequivocally by the scientific community, adherents of
CRP’s active role in these pathological processes markedly
predominate.
To make the issue of atherosclerosis as an inflammatory disease more complicated, a recently identified long pentraxin PTX3 has entered the scene. All pentraxins belong
among very old proteins. Vertically, throughout evolution,
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their composition has been conserved with only insignificant modifications. Horizontally, among diverse species,
their presence ranges from the horseshoe crab Limulus polyphaemus up to man (38). Pentraxin 3 was originally cloned
as an interleukin (IL)-1β-inducible gene in endothelial cells
(9) or as a tumor necrosis factor (TNF)-α-inducible gene
(alternatively named TSG14) in fibroblasts (25). Pentraxin
3 consists of a C-terminal pentraxin-like domain of 203 amino acids which is common to other pentraxins, coupled to
an additional, structurally unique N-terminal portion made
up of 178 amino acid residues. Pentraxin 3 protomers assemble into higher order complexes formed by 10–20 monomer units (i.e. dekamers or dodekamers) (7). Unlike
CRP, which is manufactured predominantly in the liver,
pentraxin 3 is produced directly at sites of tissue damage,
with the liver playing only a marginal role in its genesis.
Pentraxin 3 production occurs additionally at sites remote
from the injured tissue, notably in the vascular endothelium
of skeletal muscles and the heart (19). Pentraxin 3 synthesis
is induced by proinflammatory cytokines TNF-α or IL-1β,
and by microbial wall constituents such as the lipopolysaccharide (LPS), mycobacterial liparabinomannans and the
outer membrane protein A (OmpA) of Gram-negative bacteria (37). All these moieties of microbial origin employ the
toll-like receptor (TLR) signaling pathway in order to transmit their respective biological signals into the target cells
(8). Interferon (IFN)-γ, which in most cases acts synergistically with LPS, inhibits pentraxin 3 production in mono29

cytic cell lines. By contrast, interleukin-10, the most potent
anti-inflammatory cytokine as yet recognized, synergizes with
LPS in the production of pentraxin 3 (12). IL-6, the major
cytokine governing CRP synthesis in the liver, plays a negligible role in pentraxin 3 production, being limited to rare
cases of Kaposi’s sarcoma or Castleman’s disease (22,26).

Pentraxin 3: possible implications
in coronary artery disease
The occurrence of pentraxin 3 is predominantly observed in the vascular wall. In patients with small vessel vasculitides, pentraxin 3 is found in deposits formed by dying
leukocytes that assemble in perivascular areas of the diseased vessels or even systemically in the circulation, where it is supposed to reflect the overall endothelial activation
(14). Pentraxin 3 synthesis, both mRNA and protein, can
be induced by atherogenic lipoproteins in vascular smooth
muscle cells (23). In human endothelial cells, pentraxin 3
supports the synthesis of tissue factor which has been induced by TNF-α, IL-1β or lipopolysaccharide, all of them
concomitant inducers of pentraxin 3 production (28). In
atherosclerotic plaques, pentraxin 3 is produced by infiltrating macrophages and by scattered endothelial cells (34).
Peri and colleagues found in their cohort of 37 patients
with acute myocardial infarction (AMI) that plasma levels
of PTX3 peaked about seven hours after the onset of chest
pain. In AMI patients, plasma levels of CRP are known to
increase both as a part of the acute phase response and as
a reflection of the damaged myocardium. Peak levels of
CRP, however, can be assessed only later, about 24 to 48
hours after the initial AMI symptoms. Peak levels of plasma pentraxin 3 attained by AMI patients were shown to
occur independently of the extent of myocardial tissue necrosis or of the gravity of incident heart failure assessed by
the Killip class at entry. Consequently, in the setting of
acute myocardial infarction pentraxin 3 presents the potential advantage of an early marker of heart muscle damage
irrespective of its extent, whose peak plasma levels are available well ahead of the elevation of plasma CRP (31). The
same research team showed in addition that pentraxin 3
was a marker which supplied the best prognostic information concerning three month mortality after the index
event. Among their 724 AMI patients, those whose first day
plasma levels of pentraxin 3 exceeded 10.73 ng/ml, exhibited a three-fold higher risk of dying within the next 3
months compared to patients whose pentraxin 3 levels did
not reach 5.49 ng/ml at the same point in time. The prognostic information conferred by pentraxin 3 was superior
in accuracy to prognostic values mirrored by levels of creatine kinase, troponin T or N-terminal pro-brain natriuretic
peptide, not to mention CRP itself (24).

Pentraxin 3 and the complement system
Pentraxin 3 exhibits a high-affinity binding to the globular head of C1q, the first component of the complement cas30

cade. This binding displays the quality of a competitive inhibition. In an environment with excess CRP or SAP, the long
pentraxin is displaced from its complex with C1q by the
short pentraxin competitors, which bind to C1q with a comparable affinity. The reverse takes place if CRP or SAP is
bound to C1q in the presence of excess pentraxin 3. Once
bound to C1q, pentraxin 3 either initiates or inhibits activation of the complement cascade via the classical pathway.
The respective effect will depend on the actual environmental conditions. Locally formed pentraxin 3 activates complement which is available within inflamed or injured tissues,
thereby supporting local defense reactions. Pentraxin 3 present in the circulation, i.e. remote from the site(s) of local
inflammation, inhibits activation of complement in that pentraxin 3 molecule inserts between the C1q globular head and
the following components of the complement cascade. Due
to occupancy by pentraxin 3 of their respective binding sites,
these complement components are hindered from direct
contact with C1q which in turn is necessary for the activation process to continue. In this position, pentraxin 3 acts
counter to an overwhelming activation of the complement
cascade during systemic inflammatory processes (29).
Pentraxin 3 is endowed with the quality of an opsonin,
which acts in concert with the complement fragment C3b/
iC3b on the surface of apoptotic cells. This activity of pentraxin 3 supports removal of apoptotic cells and tissue
debris, which in itself is a prerequisite for proper wound
healing (36). In its role of an opsonin, pentraxin 3 targets
some micro-organisms, above all the conditionally pathogenic fungus Aspergillus fumigatus. If sufficiently opsonized
by pentraxin 3, aspergillic conidia are ingested by the host’s
alveolar macrophages and subsequently cleared from the
lungs (16). Furthermore, Diniz and colleagues showed that
recombinant pentraxin 3 binds to zymosan and Paracoccidioides brasiliensis, thereby increasing phagocytic ingestion
of the pentraxin 3-covered particles by peritoneal macrophages of wild-type mice. This finding is in keeping with the
importance of the opsonic role of pentraxin 3 in defense reactions and implies the existence of a pentraxin 3-specific
receptor on target cells. This receptor, however, has not yet
been identified (11).

Pentraxin 3 and KpOmpA
Apart from the C1q globular head of complement, pentraxin 3 further binds to:
1. the fibroblast growth factor-2 (FGF2), a mediator implicated in angiogenesis,
2. the extracellular matrix protein TSG-6, which supports
tissue repair/remodeling,
3. the outer membrane protein A from Klebsiella pneumoniae (KpOmpA), a newly recognized mediator of inflammation.
Recognition of KpOmpA by the host is mediated via
scavenger receptors LOX-1 (lectin-like oxidized low-density
lipoprotein receptor 1) and SREC-I (scavenger receptor expressed by endothelial cell-I). Both receptors are expressed

on macrophages and dendritic cells (DCs). Activation by
KpOmpA of the host’s innate immunity effector cells, primarily immature DCs, is accomplished via toll-like receptor
(TLR)-2. Transmembrane signaling in immature DCs, which
is set off by KpOmpA, up-regulates costimulatory molecules CD40, CD80 (B7-1), CD86 (B7-2), intercellular adhesion molecule ICAM-1 (CD54), and MHC class I or class
II molecules (CD for cluster of differentiation). KpOmpA
also induces production by dendritic cells of IL-12 and
TNF-α. Dendritic cell maturation is thus next to complete.
Last but not least, KpOmpA targets exogenous antigens to
the MHC class I presentation pathway. All the above mentioned activities of KpOmpA culminate in mobilization of
potent antibacterial immune reactions. Invading bacteria
are eliminated by macrophages in conjunction with the
complement system and the pentraxins. Antigen-specific
immune responses, initiated by maturing DCs, are executed
by cytotoxic CD8+ T-lymphocytes. In this respect, dendritic
cells present a transition from innate to acquired immunity
responses. Exogenous antigens, which have been endocytosed by DCs via KpOmpA-binding elements, gain access to
the cytosolic MHC class I presentation pathway. Effector/
cytotoxic CD8+ T lymphocytes can thus be generated even
in the absence of CD4+ T lymphocyte help (21). Cellular
signaling exerted by KpOmpA furthermore leads to the production by monocytes/macrophages and by dendritic cells
of pentraxin 3. This feature of KpOmpA, which itself is an
archetypical pathogen-associated molecular pattern, reflects
the seemingly ambiguous or even contradictory nature of
the innate immunity reactions, which at the same time combat infection and set the stage for the termination of inflammatory processes, the latter being a prerequisite for
repair and regeneration of wounded tissues. Pentraxin 3,
along with the complement system, fits in with both of
these ambiguous activities. It is an effective mediator of the
humoral arm of innate immunity and at the same time it
supports elimination of the host’s own damaged cells, while
meticulously sparing those that have survived cytotoxic
attack unleashed by the defense reactions (20).

Pentraxin 3 and apoptotic cells
All pentraxins bind to dying cells, whose number rapidly increases in inflamed or injured tissues, in order for the
host to get rid of, by phagocytosis, cellular corpses and intracellular components released by injured or dying cells.
Clearance of apoptotic cells and subcellular constituents
thereof by macrophages, in conjunction with the pentraxins, starts off paracrine release of anti-inflammatory mediators such TGF-β (transforming growth factor-β), which
guarantee an immunologically silent cellular death (13).
Should this homeostatic mechanism be perturbed, highly
immunogenic peptides, which in normal circumstances are
integrated within the host’s live cells, would inevitably enter the extracellular milieu. Once beyond the protective line
of the outer cellular membrane, intracellular components
of the host’s tissues are identified by his or her DCs as

foreign antigens. If not removed out of reach of this keen
surveillance machinery with ample advance, catastrophic
auto-immune reactions, provoked by the host’s own intracellular antigens, would set in without any restraint (2). In
promoting timely elimination of this extremely immunogenic material, the pentraxins prevent grave auto-immune
damage that otherwise would be inflicted on the host’s
tissues (30). This immunologically silent mode of cellular
death supported by the pentraxins might question their opposite activities in defense reactions against extracellular
bacteria or fungi. The puzzle of how the pentraxins execute
inflammatory anti-microbial responses, while at the same
time silencing clonal expansion of autoreactive lymphocytes, has been resolved by new data supplied by Rovere and
Baruah with colleagues. These data confirm a dual role for
pentraxin 3 in reactions of innate immunity (35,4).

Cross-presentation of exogenous
or endogenous antigens
Auto-immune reactions present a serious menace anytime the host’s cells have been damaged up to the point of
setting free their intracellular components. A key event in
this process is the cross-presentation by DCs of antigenic
neoepitopes, originating from the host’s tissues, to cytotoxic CD8+ T-lymphocytes (33). This is a common situation
in any major surgery, either cardiac or non-cardiac. In the
process of cross-presentation, antigens from the extracellular milieu are presented by APCs (antigen-presenting cells)
on MHC (major histocompatibility complex) class I molecules in order to stimulate effector CD8+ T lymphocytes.
At the same time, cross-presentation is an important mechanism by which the immune system monitors the host’s
tissues for the presence of foreign (e.g. microbial) antigens
or his or her own autoantigens, which are identified by
the immune system as foreign or non-self. The outcome of
cross-presentation is either immune response or immune
tolerance. Which of the two will take place depends on
whether isolated antigens are acquired by DCs, leading to
tolerance, or whether antigens are acquired along with immunostimulatory signals, leading to immune responses. For
dendritic cells, the boundary between an endogenous and
an exogenous antigen is not entirely clear-cut. MHC class
I-restricted presentation of antigens of both sources is a common situation. From among the plethora of candidate antigens, cross- presentation of those of viral or of the host’s
own cellular origin numbers among the most common.
From the surgical point of view, the latter antigens are of
extraordinary importance (32). Cross-presentation of the
host’s own cellular antigens, which results in cross-tolerance or self-tolerance, sets off deletion of auto-reactive cytotoxic CD8+ T-lymphocytes (15,6,10). Since DCs have been
shown to participate both in antigenic cross-presentation
and in cross-tolerance, it is no surprise that the same dendritic cell subset is able to contribute both to immunity and
to tolerance. Supplementary factors are thus supposed to
make the difference between the outcome, i.e. immunity or
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tolerance. A plausible explanation suggests that DCs preferentially induce tolerance to auto-antigens unless exposed
to a predominance of inflammatory stimuli, most often
those evoked by infection.

Pentraxin 3 in antigenic cross-presentation
Antigenic cross-presentation is manifold augmented in
a milieu overflowed with extracellular antigens, including
auto-antigens. Such a situation occurs regularly in areas of
tissue injury with multiple and/or deep surgical incisions,
often menaced by bacterial invasion and soft tissue trauma/contusion, which may be accompanied by multiple or
repeated ischemia-reperfusion processes in wound areas.
Extensive cell death sets up an important challenge for the
host’s immune system. (27). Consequently, pentraxin 3 is
recruited at the interface between the host’s own dying cells
and his or her dendritic cells, which make up efficient cellular sentinels incessantly screening the adjacent environment for the presence foreign antigens. Any time such an
antigen has been detected, DCs start off an antigen-specific, MHC-restricted immune response, which is aimed at
elimination of intracellular microorganisms, tumor cells or
neo/autoantigen-stained self cells or fractions thereof (1).
Dendritic cells cross-present antigenic epitopes to cytotoxic
CD8+ T-lymphocytes in association with MHC class I molecules, irrespective of the antigenic origin – be it foreign
microbial antigens or neo/autoantigen-expressing fragments from the host’s own cells. Effector CD8+ T-lymphocytes interact with cross-presented antigens only after the
latter have been processed into short peptides by antigenpresenting cells and coupled to MHC class I molecules.
Thereafter, cytotoxic CD8+ T lymphocytes identify antigenMHC class I complexes which are designated for elimination (18). Any time antigens of microbial origin and those
originating from the host’s own cells are presented by DCs
to CD8+ T-lymphocytes jointly, a situation commonly encountered in surgical patients, pentraxin 3 cuts up like
a useful adaptor of dendritic cell function.

Dual role of pentraxin 3 in auto-immune
reactions
In normal homeostatic conditions, the host’s cells dying
of apoptotic death start off the production of pentraxin 3
by dendritic cells. Apoptotic cells of the host, to which
pentraxin 3 is bound, successfully avoid internalization by
immature dendritic cells. The same applies to intracellular
processing of apoptotic cells’ antigenic load and the crosspresentation of antigen-MHC class I molecule complexes to
cytotoxic CD8+ T- lymphocytes. Pentraxin 3 additionally
limits the production of pro-inflammatory cytokines and
costimulatory molecules, both of which are needed for maturation and the antigen-presenting capacity of DCs (3). In
parallel, clonal expansion of T-lymphocytes, which are endowed with the potential to set off cytotoxic auto-immune
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reactions, is minimized or totally stopped. All the same, it
may occur that the host’s PTX3-labeled apoptotic cells, due
to actual overflow of antigens, notably those of microbial
origin, would miss the opportunity to escape ingestion by
dendritic cells. If such be the case, pentraxin 3 will enhance
the production of proinflammatory cytokines needed to
combat infection, while at the same time it will restrict
cross-presentation of antigenic neoepitopes to autoreactive
CD8+ T-lymphocytes. In so doing, pentraxin 3 will favor
defense of the host while at the same time avoiding any
undue damage of his or her own tissues whenever microbial infection and extensive cell death coexist. Surgical
wounds would be efficiently protected by pentraxin 3 both
from infection and from auto-immune damage. On the
other hand, pentraxin 3 does not interfere with the presentation to effector cells of soluble antigens, an event
required for the elimination of extracellular microbial pathogens. The classical short pentraxin CRP does not
substantially contribute to such fine-tuned processes, apparently due to the time lag between the noxious onset and
CRP hepatic production, even if the latter is seemingly rapid in execution and undoubtedly robust in volume, with
plasma or serum CRP levels reaching several hundredfolds of their basal levels. Nevertheless, if properly regulated, CRP contributes substantially to the generation of
an overall anti-inflammatory milieu in which apoptotic
cells are cleared by macrophages. CRP-initiated activation
of the complement cascade will halt at the level of opsonins C3b/iC3b, thus favoring efficient phagocytosis of
opsonin-covered particles. On the other hand, continuation of complement activation up to the generation of the
terminal complexes C5b-9(n), which are equipped with
mighty cytotoxic and proinflammatory properties, is stopped under these conditions (17).

Conclusion
Pentraxin 3 is a novel acute phase reactant, whose importance in mammalian biology, including human, is only
starting to be recognized. In the setting of acute myocardial
infarction and other critical care patients, it may provide
a prognostic marker undoubtedly superior in prognostic value to C-reactive protein. At the same time, pentraxin 3
plays a non-redundant role in the humoral arm of innate immunity, protecting the host from some invading microorganisms while at the same time fine-tuning the clearance
of apoptotic cells, with deletion of auto-reactive T-lymphocyte clones as a result. The importance of pentraxin 3 in
human biology may stand out whenever foreign antigens
with those of self-origin are presented jointly, as shown in
surgical patients.
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