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Abstract

Innate immunity includes a cellular and a humoral arm. PTX3 is a fluid phase pattern recognition
molecule (PRM) conserved in evolution which acts as a key component of humoral innate
immunity in infections of fungal, bacterial and viral origin. PTX3 binds conserved microbial
structures and self-components under conditions of inflammation and activates effector functions
(complement, phagocytosis). Moreover, it has a complex regulatory role in inflammation, such as
ischemia/reperfusion injury and cancer-related inflammation, as well as in extracellular matrix
organization and remodeling, with profound implications in physiology and pathology. Finally,
PTX3 acts as an extrinsic oncosuppressor gene by taming tumor promoting inflammation in
murine and selected human tumors. Thus, evidence suggests that PTX3 is a key homeostatic
component at the crossroad of innate immunity, inflammation, tissue repair and cancer.

Dissecting the complexity of PTX3 pathophysiology and human genetics paves the way to
diagnostic and therapeutic exploitation.
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1 Introduction

Innate immune responses are key to resistance against infectious agents and orchestrate
response to tissue damage and repair (99). Moreover, innate immunity sensors respond to
dysmetabolic conditions triggering inflammation. The innate immune system includes a
cellular and a humoral arm. Polymorphonuclear leukocytes and macrophages, the main cells
involved in innate immunity and inflammation, recognize microbes, tissue and cell damage,
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and products of dysmetabolism (e.g. uric acid crystals) via pattern recognition receptors
(PRR) strategically located on the cell membrane, endosomal compartment and cytoplasm.
PRRs belong to different classes including toll-like receptors, dectins, inflammasomes and
nucleic acid sensors (79, 97, 103, 122).

The innate immune system includes a humoral arm, complementary to cellular recognition
and effector function. Humoral, fluid phase pattern recognition molecules (PRM) are as
diverse as cellular sensors. Humoral PRM include Complement components, mannose
binding lectin (MBL), surfactant proteins, ficolins and pentraxins. The pentraxin C reactive
protein (CRP) was in fact the first PRM to be recognized as an antibody-like molecule
recognizing the C type polysaccharide of pneumococcus (1, 141). In general, humoral PRM
behave as functional ancestors of antibodies, “ante-antibodies”. They recognize microbial
moieties and tissue damage, activate Complement, promote phagocytosis (opsonic activity)
and regulate inflammation.

The long pentraxin PTX3 is a prototypic PRM, highly conserved in evolution (51, 96),
which has served as a tool to dissect recurrent themes in humoral innate immunity. Evidence
suggests that this molecule has complex roles in pathophysiology which range from essential
homeostatic functions (reproduction) to defense against infectious agents, tissue repair and
regulation of carcinogenesis. Dissection of the molecular properties and complex role in
pathophysiology of PTX3 has paved the way to ongoing translational efforts.

2 Gene and protein organization

Human PTX3 gene is located on chromosome 325 and is organized into three exons (Fig.
1), the first two coding for a leader peptide and the long N-terminal domain (amino acids
18-178), while the third exon codes for the C-terminal pentraxin like domain (amino acids
179-381). The proximal promoter contains multiple binding sites for various transcription
factors, including PU.1, AP-1, NF-xB, Sp1, and NFIL-6, all targets of proinflammatory
cytokines [mainly tumor necrosis factor-a (TNF-a)) and interleukin 1 (IL-1)] and Toll like
receptors (TLR) agonists, essential for the induction of PTX3. PTX3 transcription can be
also activated by PI3K/Akt and JNK pathways (60, 107), or downstream FUS/CHOP
translocation (149).

Epigenetic mechanisms have been recently described that can be implicated in the regulation
of human PTX3 gene expression. In particular hypermethylation of a PTX3 enhancer and of
a region of PTX3 promoter is responsible of PTX3 gene silencing in human cancer (13, 143,
147), while lower methylation is associated to higher PTX3 plasma levels in coronary artery
disease (58).

Single nucleotide polymorphisms (SNPs) in the human PTX3 have been investigated. SNPs
described so far are mainly located in non-coding regions of PTX3 gene, with the exception
of one exonic SNP causing an amino acid variation in position 48 (Asp48Ala). Specific
PTX3 haplotypes have been associated to higher protein expression (7, 36), but the
molecular mechanisms responsible of this association are still poorly understood.
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The primary sequence of PTX3 protein is 381 amino acids long, including the 17 amino
acids of the leader peptide (Fig 1). The C-terminal domain, homologous to the short
pentraxins CRP and SAP, contains the 8 amino acid—long pentraxin signature (HXCxS/
TWHXS, where x is any amino acid), a consensus sequence highly conserved among all the
members of the pentraxin superfamily. On the contrary, the long N-terminal domain has no
sequence similarity to other known proteins. PTX3 primary sequence is highly conserved
among animal species, indicating a strong evolutionary pressure to maintain its structure/
function relationships (52, 69). In particular human and murine proteins share 92% of
conserved amino acids. The murine PTX3 gene is located in the synthenic region of
chromosome 3 (g24-28) and its expression profile resembles that of the human gene,
strongly supporting the extension to humans of data obtained in ptx3-deficient mice.

A single N-glycosylation site has been identified in the C-terminal domain at Asn220, fully
occupied by complex type oligosaccharides, in particular fucosylated and sialylated
biantennary sugars and a minor fraction of tri- and tetraantennary glycans (66). In addition,
the relative content of bi-, tri-, and tetra-antennary oligosaccharides and the level of
sialylation in PTX3 isolates from different cellular sources vary to a great extent (66), thus
suggesting that the glycosylation pattern of this long pentraxin might change depending on
cell type and inducing stimuli.

As a member of the pentraxin superfamily, PTX3 is a homo-multimeric protein. Biophysical
analysis revealed that PTX3 is an octameric molecule with a molecular mass of 340 kDa and
composed of eight identical protomers interacting through intra- and inter-chain disulphide
bonds (68). A low-resolution model of the full length PTX3 has been generated based on
data from electron microscopy and Small Angle X-ray Scattering (SAXS). According to this
model, the eight subunits of the protein are folded into an elongated structure with a large
and a small domain interconnected by a stalk region (65). Prediction of N-terminal domain
secondary structure suggested that this portion of the molecule is mainly folded in four a-
helices involved in the formation of coiled-coil secondary structures (115). The asymmetric
and octameric shape of PTX3 is unique amongst pentraxins inasmuch classical short
pentraxins typically have a pentameric arrangement and only SAP from Limulus
Polyphemus forms an octamer folding into a doubly stacked octameric ring (135).

As already mentioned, the C-terminal domain of PTX3 is homologous to the short
pentraxins, with up to 57% similarity (20). Based on this similarity, a three-dimensional
model of PTX3 C-terminal domain was generated, taking advantage of the crystallographic
structures of CRP (PDBID:1b09) and SAP [PDBID:1sac; (56, 68, 69)]. This model shows a
B-jelly roll topology for the C-terminal portion of PTX3, similar to that found in legume
lectins (65). The structure is stabilized by three disulfide bonds involving six cysteine
residues, two of which are highly conserved amongst pentraxins (68). Two cysteine residues
are also described to form intra- and interchain disulfide linkages involving both the C-
terminal and N-terminal portion of the molecule, thus supporting the quaternary structure of
the PTX3 protein (see below) (68).

Despite the sequence similarities, PTX3 shows important differences in terms of producing
cells and inducing stimuli compared to CRP and SAP. In fact, while CRP and SAP are made
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almost exclusively in the liver in response to IL-6, PTX3 is produced by different cell types
in response to diverse stimuli (Fig. 1). The proinflammatory cytokines IL-1p and TNF-a, as
well as TLR agonists induce PTX3 in cells of the myelomonocytic lineage, i.e. monocytes,
macrophages, and myeloid dendritic cells [(DC; (39, 51)], while IL-6 is ineffective.
Polymorphonuclear cells do not express PTX3 mRNA, however the protein is synthetized
during the differentiation in the bone marrow and stored in lactoferrin-positive granules (72).
Inflammatory signals and modified lipoproteins induce PTX3 in vascular endothelial cells
and smooth muscle cells. In addition the protein is produced by fibroblasts, adipocytes,
epithelial cells, neurons and glial cells (2, 60, 76, 88, 116).

The modular nature of PTX3 protomer provides a structural versatility that can support the
interaction with a number of diverse ligands, mediating PTX3 biological activities (Fig. 1).
For example, among the PTX3 ligands, fibroblast growth factor 2 (FGF2), inter-a-inhibitor
(lal), TNF-a~induced protein 6 (TNFAIP6 or TSG-6), myeloid differentiation protein 2
(MD-2), and conidia of Aspergillus fumigatus bind to the N-terminal domain of the protein
(18, 52, 86, 100, 115, 133). On the other hand the pentraxin-like domain is mainly involved
in the interaction with C1q, the first component of the classical complement pathway, and P-
selectin (16, 41, 105), whereas both domains have been implicated in the interaction of
PTX3 with complement factor H (FH), a major soluble inhibitor of the complement system
(42).

A further fine tuning of PTX3 ligand binding properties is represented by the peculiar
quaternary structure and the glycosidic moiety of PTX3. We have shown that the PTX3
octamer contains two FGF2 binding sites, with tetramers of the N-terminal domain acting as
functional units in recognition and inhibition of this angiogenic factor (65). In addition, we
have reported that dimers of the N-terminal domain are sufficient to mediate PTX3 binding
to both lal and TSG-6. This suggests that the octameric structure of PTX3 acts as nodal
molecule in cross-linking hyaluronic acid in the extracellular matrix (6, 63). Interaction with
both C1q and FH is modulated by the glycosylation status of PTX3 (42, 66). Most
importantly, the N-linked glycosidic moiety of PTX3 is essential for the binding to P-
selectin, an interaction mainly involved in regulation of leukocytes rolling and extravasation
in animal models of acute lung injury and pleurisy (41). The sialylated glycans of PTX3 are
also essential for the interaction of PTX3 with selected influenza A virus (1AV) strains
(117). Thus changes in the glycosylation status of the protein might represent a strategy to
fine tune the biological activities of PTX3 (67).

Therefore, the structural complexity and modular nature of the PTX3 protein probably
explain the rather broad spectrum of ligands of this long pentraxin and the diversity of its
biological roles as compared to the short pentraxins.

3 Humoral innate immunity

PRMs recognize microbes or tissue injury, activating the innate response. Cell-associated
and soluble PRM have been described, the cellular receptors including TLR, NOD- and
RIG-like receptors and scavenger receptors, while fluid-phase PRM includes members of the
collectin, ficolin and pentraxin families (14, 50, 53, 62). CRP is the first PRM identified in
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the early 30" as a molecule able to recognize the C-polysaccharide of Streptococcus
pneumoniae through a direct interaction with posphorylcholine (PC), a major constituent of
the C-type capsule. Besides S. pneumoniae, CRP binds various microbes, including bacteria,
fungi, yeasts and parasites, through PC and glycan molecules, promoting complement
activation, opsonisation, phagocytosis and resistance to infections (61). PTX3 shares the
capacity to act as soluble PRM, recognizing microbial moieties and selected
microorganisms, acting as an opsonin and regulating the inflammatory response.

3.1 Pattern recognition

The first description of PTX3 interaction with microbes is dated back to 2002, when it was
reported that the higher susceptibility to infection with Aspergillus fumigatus observed in
pix3 deficient mice was associated to a direct binding of PTX3 to the fungus (52). Conidia
from A. fumigatus were ingested more efficiently by alveolar macrophages following
opsonisation with PTX3. PTX3 directly interacts with other fungal, bacterial and viral
pathogens, including zymosan and Paracoccidoides brasiliensis (45), Pseudomonas
aeruginosa (101), Klebsiella pneumoniae (73), Neisseria meningitidis (15), uropathogenic
Escherichia coli (71), influenza virus (117), human and murine cytomegalovirus (17),
murine hepatitis virus (59). Through the direct interaction with microbes, PTX3 acts as an
opsonin, facilitating recognition and phagocytosis in an Fcy receptor- and complement-
dependent manner.

As expected for a PRM, PTX3 can recognize conserved microbial moieties which fulfill
essential microbial functions. In particular PTX3 binds a member of the outer membrane
proteins A (OmpA) family derived from K. pneumoniae [KpOmpA,; (73)] or outer
membrane vescicles (OMV) and meningococcal antigens from N. meningitidis (15).

In general, following recognition of selected microorganisms, PTX3 exerts a protective role
that involves disposal of the pathogens by phagocytosis operated mainly by phagocytes, and
activation of the complement cascades.

3.2 Effector mechanisms

3.2.1 Receptor(s)—Interaction of PTX3 with cells of the monocyte/macrophage lineage
suggested the existence of a cellular receptor for this molecule (52). Attempts to identify a
unique PTX3 receptors took advantage of the high homology with the short pentraxins CRP
and SAP. Several functional studies suggested that SAP and CRP can directly interact with
Fcy receptors (FcyR) and these data were corroborated by structural analysis of SAP in
complex with the extracellular domain of FcyRIla (90). Surface plasmon resonance studies
demonstrated that CRP and SAP directly interact with both activating FcyR (FcyRI, FcyR
Ila and FcyRI11) and the inhibitory receptor FcyRIIb with affinity ranging from 10 to 10°7
M (90). In the same set of analysis it was shown that also PTX3 could recognize FcyR,
particularly FcyRIII (Kp 1.6 pM) and, with a lower affinity, FcyRlla (Kp 18.7 pM).
Interestingly, the PTX3 opsonic activity is dependent on FcyRIla and complement receptor
3 (CR3; CD11b/CD18) [see below; (52, 71, 100)], thus supporting a functional role for the
interaction with these receptors.
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FcyR are not the only receptors for SAP and CRP. Recently it has been shown that
neutrophils, monocytes and macrophage still respond to SAP in the absence of FcyR. This
occurs because of a specific interaction between SAP and dendritic cell-specific intercellular
adhesion molecule-3-grabbing nonintegrin [(DC-SIGN); (34)]. SAP but not CRP binds DC-
SIGN in a glycosylation-dependent manner, activating the receptor to regulate innate
immune cells. Functional evidences, showing that PTX3 activates DC-SIGN and affects
fibrocyte differentiation, suggested that also PTX3 could interact with DC-SIGN (34).
However no data are available indicating a direct interaction of PTX3 with the receptor and
we failed to validate the interaction of PTX3 with DC-SIGN.

3.2.2 Complement and other humoral PRMs—PTX3 shares with the classical short
pentraxins CRP and SAP the capacity to modulate all three complement pathways (e.g the
classical, the alternative and the lectin pathway) through a direct interaction with key
molecules involved in activation and/or regulation of the complement cascades (16, 19, 35,
42, 46, 92-94, 105).

Clq, the first component of the classical complement pathway, was the first PTX3 ligand
identified (16, 105). PTX3 bound C1q in a calcium-independent fashion, as opposed to CRP
and SAP, that required calcium for their interaction with C1q (56), and interacts with the
globular C1g domain (102, 125). Interaction with surface bound C1q resulted in activation
of the classical complement cascade and deposition of C3 and C4. On the contrary, when
interaction occurred in solution, PTX3 inhibited the complement cascade via competitive
blocking of relevant interaction sites.

Modulation of the lectin complement pathway by PTX3 was due to specific interactions
with ficolin-1, ficolin-2 and MBL. The interaction with ficolin-2 or MBL resulted in
enhancement of complement deposition on the surface of Aspergillus fumigatus and
Candida albicans, respectively (57, 92-94). After the formation of PTX3/MBL complexes,
C1q was recruited and promoted C4 and C3 deposition on C. albicans. In addition
PTX3/MBL complexes enhanced the phagocytosis of the pathogen. Similarly, immobilized
PTX3 was able to trigger ficolin-1-dependent activation of the lectin complement pathway
(57).

Finally PTX3 interacted with negative regulators of complement activation. Microtiter plate-
based assay and surface plasmon resonance evidenced a direct interaction of PTX3 with FH.
Two binding sites were identified, one in the short consensus repeat 7 (SCR7) and one in
SCR19-20, at the most C-terminal region of FH (42). SCR19-20 interacted with the N-
terminal domain of PTX3, while SCR7 bound the C-terminal domain, consistently with
reports showing CRP interacting with the same FH region (109). Surface-bound PTX3
enhanced FH recruitment and iC3b deposition, modulating the activation of the alternative
complement pathway and preventing an excessive inflammatory response to tissue injury,
while increasing the deposition of opsonic molecules (42). Various diseases are associated to
dysregulation of the alternative complement pathway due to mutation or polymorphisms of
FH, in particular atypical hemolytic uremic syndrome (aHUS) and age-related macular
degeneration (AMD). Interestingly, mutations in FH observed in patients with aHUS were
associated with a reduced interaction between FH and PTX3 (82). Given the capability of
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PTX3 to recruit FH and to control excessive local complement activation, the defective
interaction between the two molecules in aHUS patients amplified local complement-
mediated inflammation essential in the pathogenesis of the disease. We also observed that a
FH polymorphism in SCR7 (Tyr402His), associated with increased risk and incidence of
AMD (153), did not influence the PTX3-FH interaction, in contrast to what observed when
CRP was used. The altered interaction between variant FH and CRP was proposed as a
pathogenetic mechanism in AMD causing decreased removal of drusen deposits and
increased inflammation (83). Thus PTX3 could represent a possible substitute to ineffective
CRP in individuals carrying the 402His variant.

Finally, PTX3 recruited C4 binding protein (C4BP) on apoptotic cells, thus reducing the
deposition of the lytic C5b-9 terminal complex (19). PTX3 was capable of targeting
functionally active C4BP to sites of tissue injury, thus limiting complement-mediated
inflammation.

The analysis of the interaction of PTX3 with components of the humoral arm of innate
immunity has broad implications in relation to the underlying logic of recognition and
effector function. The interaction with other fluid phase PRM (ficolin 1 and 2; MBL; C1q)
results in a broader repertoire of effective microbial recognition, synergism in pathogen
disposal and plasticity in utilizing different Complement activation pathways (Fig. 2).
Moreover, these results highlight the potential of PTX3 as a regulatory molecule of
inflammatory reaction, as discussed below.

4 Regulation of inflammation

The modulation of complement activity by PTX3, detailed above, is one of the main
mechanisms through which this long pentraxin exerts its regulatory function on the
inflammatory response. For example, PTX3 was show to amplify the inflammatory response
induced /n vivo by KpOmpA, once the microbial moiety was recognized by cellular
receptors. The proinflammatory program induced by KpOmpA included production of
PTX3, that in turns bound this microbial moiety and amplified inflammatory cells
recruitment (73). This effect was abrogated by treatment with complement inhibitors,
underlining the complement dependency of the amplification promoted by PTX3 (33).

Recently it was shown that PTX3 is induced by oxidative stress, a recognized cause of
AMD, in the retinal pigmented epithelium (148). Upon induction, PTX3 regulated
complement activation induced by oxidative stress through the interaction of FH. Oxidative
stress in PTX3-deficient mice led to increased C3a levels, which in turn amplified NALP3
inflammasome activation and IL-1p production, and consequently macrophage recruitment
in the choroid, demonstrating that PTX3 acts as essential brake for both the complement and
the inflammasome pathways (148).

Besides complement activation, PTX3 regulates the inflammatory response acting on
inflammatory cell recruitment. This effect was mediated by the capacity of PTX3 to interact
with the adhesion molecule P-selectin, an interaction involving the N-linked glycosidic
moiety of PTX3 (41). The interaction between PTX3 and P-selectin resulted in inhibition of
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leukocyte rolling on endothelium. Accordingly, PTX3 administration 7 vivo reduced
leukocytes recruitment in models of pleurisy, acute lung injury and ischemia/reperfusion-
induced kidney damage (41, 87).

Genetic models were essential to define the role of PTX3 in tissue damage both in sterile
and infectious conditions. In different models of ischemia/reperfusion ptx3 deficiency was
associated to higher tissue damage. In a model of post-ischemic renal injury, higher tissue
damage was observed in ptx3-/- mice and administration of the recombinant protein reverted
the phenotype, with enhanced recovery, suppression of glomerulosclerosis and inhibition of
interstitial fibrosis (87, 151). In this model, renal injury was associated to a post-ischemic
leukocyte recruitment completely abrogated by treatment with a neutralizing antibody
against P-selectin (87). On the contrary, in a model of intestinal ischemia and reperfusion,
the absence of PTX3 was associated with lower inflammation and lethality (138). The
molecular mechanisms explaining these differences have not been addressed. A differential
involvement of complement in kidney and intestinal ischemia might be responsible of the
divergent effect of PTX3-deficiency in the two models.

In humans and in mice PTX3 was rapidly produced during acute myocardial ischemia. In a
murine model of acute myocardial infarction, ptx3-/- animals developed more myocardial
damage, with more neutrophil infiltration, decreased number of capillaries, increased
number of apoptotic cardiomyocytes and higher C3 deposition in lesional tissue (130).
Apolipoprotein E deficiency in ptx3-/- mice resulted in higher aortic lesions and a more
pronounced inflammatory profile (108). Ablation of PTX3 in mice also aggravated
coxsackievirus B3 (CVB3) -triggered inflammatory injury of the heart tissue and the
associated cardiomyocyte apoptosis (111). PTX3 did not exert any direct antiviral effect, but
rather facilitated the clearance of dead or dying cells.

It was previously reported that PTX3 bound apoptotic cells and enhanced complement-
mediated clearance of the apoptotic debris (106, 126). This property plays a role also in a
murine model of seizure-induced degeneration, where pix3-/- mice displayed an increased
number of dying neurons (apoptotic and/or necrotic) compared to wild type mice (116).
Several studies have shown that efficient apoptosis inhibited the inflammatory response;
therefore the capacity of PTX3 to affect engulfment of apoptotic cells could likely represent
an additional mechanism of regulation of inflammation.

PTX3 gene inactivation strongly compromised the integrity of blood-brain barrier and the
resolution of brain edema after ischemic injury. The defect in resolution was associated with
impaired glial scar formation and alterations in scar-associated extracellular matrix
production (121), highlighting the potential role of PTX3 in brain repair after cerebral
ischemia.

Novel information on a critical role played by PTX3 has been provided by a recent report
showing that pix3 deletion aggravates allergic inflammation induced by ovoalbumin
exposure. In ovoalbumin-induced experimental asthma, the absence of PTX3 resulted in an
exaggerated allergen-induced inflammation (5), with enhanced recruitment of neutrophils
and eosinophils, enhanced mucus production and higher secretion of IgE/IgG2a. A Th17-
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dominant CD4 T-cell response has been observed in ptx3-/- mice. As a matter of fact, ptx3-/-
DC produced more IL-6 and IL-23, two cytokines with Th17 polarizing properties,
providing a possible explanation for the Th17-dominan inflammation observed in pix3-/-
mice.

Contradictory results were obtained when PTX3 overexpressing mice were analyzed. In fact
they showed greater resistance than wild-type mice to endotoxic shock induced by LPS and
to polymicrobial sepsis caused by cecal ligation and puncture, but also an exacerbated
inflammatory response in a model of intestinal ischemia and reperfusion (44, 138). In
particular, in intestinal ischemia and reperfusion, PTX3 overexpressing mice displayed
increased production of proinflammatory cytokines, higher degree of tissue damage and
enhanced lethality compared to wild type animals. In a model of ventilator-induced lung
injury, PTX3 overexpression resulted in increased inflammatory response (118). Finally
PTX3 has been found able to induce endothelial dysfunction, inhibiting the vasorelaxation
induced by acetylcholine and determining morphological changes in endothelial cells (25).
Thus, in the context of ischemia and reperfusion injury, PTX3 could exert dual opposite
roles, being protective or deleterious depending on specific tissues.

Collectively so far, available information points to the essential role of PTX3 in the
regulation of the inflammatory response.

5 Tissue remodeling and repair

The role of PTX3 in tissue remodelling and repair has been recently investigated using
different models of tissue damage (skin wound healing, chemically-induced sterile liver and
lung injury, arterial thrombosis). In models of skin wounding, TLR and IL-1 receptor
activation induced PTX3 expression in macrophages and mesenchymal cells, and the protein
localized in the pericellular provisional fibrin matrix of these cells, where it promoted the
directional migration and invasive phenotype of remodelling cells. Indeed, PTX3-deficient
macrophages and mesenchymal cells showed defective pericellular fibrinolysis /n vitro and
failed to migrate within the fibrin matrix and remodel it /n vivo. Excessive fibrin
accumulation and subsequent increased collagen deposition were the major anomalies
observed in skin, liver and lung injury models in PTX3-deficient mice, in line with the
prominent role of fibrin as a provisional matrix protein guiding subsequent repair (21).
These phenotypes were attributed to the interaction of PTX3 through the N-terminal domain
with fibrinogen (FG)/fibrin and plasminogen (Plg) at acidic pH, which promoted fibrin
degradation (Fig. 3). In agreement, selective inhibitors of fibrin deposition and platelet
activation reverted the phenotype of PTX3-deficient mice in skin wound healing.
Acidification of the injured tissue due to cell metabolic adaptation to tissue hypoperfusion
and hypoxia, is necessary for the tripartite interaction among PTX3, fibrin and plasminogen,
and this assures that the interaction occurs at sites of tissue damage and not in the
circulation. These results have been supported by an /7 vivo study showing that PTX3
released from bone marrow-derived mesenchimal stem cells promoted mesenchimal stem
cell pericellular fibrinolysis and migration within the fibrin-rich provisional matrix in a skin
wound site favoring repair (23).
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In a mouse model of arterial thrombosis, PTX3 derived from vascular endothelium localized
within the thrombus and in the vessel wall, and dampened thrombogenesis. By targeting
fibrinogen through its N-terminal domain, PTX3 inhibited platelet adhesion and aggregation
(12). In addition, PTX3 was shown to play a protective role in a mouse model of brain
ischemic injury, and to be involved in edema resolution and glial scar formation (121).

These findings provide a novel link between inflammation, immunity, haemostasis and
tissue repair (48), and evidence that the recognition of microbial moieties and extracellular
matrix molecules by the humoral arm of innate immunity are evolutionarily linked. Indeed,
humoral PRMs interact with extracellular matrix components (e.g. C1q, collectins, CRP,
SAP), or contain ancestral collagen and fibrinogen domains (e.g. ficolins, MBL, collectins)
(14), and several extracellular matrix components recognize microbial moieties and have
opsonic activity (e.g. fibronectin, mindin, osteopontin, vitronectin).

6 Role in female fertility

PTX3-deficiency is associated with a severe defect in female fertility (131). This unexpected
phenotype has been attributed to defective assembly of the viscoelastic hyaluronan (HA)-
rich matrix that is produced by cumulus oophorus and granulosa cells and deposited around
the oocyte in the preovulatory follicle, and that is essential for successful in vivo
fertilization. In this context, PTX3 is produced by mouse and human cumulus cells during
cumulus expansion under the control of hormonal ovulatory stimuli (FSH or hCG), and
oocyte-derived soluble factors, in particular by the TGFp family members Growth
Differentiation Factor-9 (GDF-9) and bone morphogenetic protein 15 (BMP15) (112, 131,
145), and localizes in the cumulus oophorus matrix. HA, a large glycosaminoglycan
responsible for the viscoelastic properties of the cumulus matrix, represents the major
component of this matrix, and the HA-binding proteins TSG-6 and lal, together with PTX3,
are required for the correct assembly of this matrix. In fact, deficiency of la.l, TSG-6 or
PTX3 lead to impaired cumulus matrix formation and severe sub-fertility (128). In the
process of matrix assembly, the heavy chains (HCs) of lal become covalently linked to HA
through reactions involving TSG-6. The long pentraxin PTX3, through its multimeric
structure, establishes multiple contacts with the HCs and TSG-6, thus providing structural
integrity to the cumulus matrix (68, 133). Recombinant PTX3 N-terminal domain, that
forms tetramers and contains the HC-binding site, is sufficient to rescue the defective
assembly of the cumulus matrix of PTX3-deficient cumuli (133). Interestingly, PTX3
genetic variants in humans have been associated with female fertility (98) and dizygotic
twinning in Gambia (136).

Maternal circulating PTX3 levels slightly increase during pregnancy, likely reflecting the
systemic inflammatory reaction associated with this condition (119). Compared to normal
pregnancy, higher maternal PTX3 levels were observed in pregnancies complicated by
preeclampsia (26, 127), possibly as a consequence of the endothelial dysfunction typical of
this pregnancy disorder (132).

PTX3 plasma and vaginal levels were also increased during pregnancy complicated by
spontaneous preterm delivery and in particular in the cases of placenta vasculopathy (3).
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7 Infections

As mentioned above, PTX3 interacts with different fungi, bacteria and viruses. In most
infectious conditions caused by recognized microorganisms, the deficiency of PTX3 in mice
was associated with increased susceptibility to the infection (Figure 4). In particular, Ptx3-
deficient mice were more susceptible to invasive pulmonary aspergillosis, showing higher
mortality than wild-type mice (52) and developed an exacerbated T helper cell type 2 (Th2)
response coupled with a low protective Th1 antifungal response (52). Treatment with
recombinant PTX3 reversed this phenotype and induced a protective Th1 response, possibly
by facilitating conidia internalization by antigen-presenting cells, thus participating in
modulating the development of the immune responses to this fungus in immunocompetent
mice, as well as in p472779%- mice, a model of chronic granulomatous disease (38, 52, 54).

The analysis of cellular and molecular mechanisms underlying the protective role of PTX3
in this and other infections (e.g. A. fumigatus, P. aeruginosa, uropathogenic £. coli) showed
that PTX3 has opsonic activity and facilitates phagocytosis by neutrophils of bound
microorganisms through a FcyRIl-, CD11b-, and complement-dependent mechanism (52,
72, 100). Indeed, PTX3 enhances the phagocytosis of conidia from A. fumigatus or P,
aeruginosa by interacting with FcyRIla, which have been proposed as pentraxin receptors
(90), leading to the activation of CR3 (CD11b/CD18), thereby promoting the phagocytosis
of C3-opsonised pathogens (100). PTX3 has therapeutic activity in a mouse model of
chronic P aeruginosa lung infection, a major cause of morbidity and mortality in cystic
fibrosis patients, reducing the lung bacterial load and inflammation (lung proinflammatory
cytokines and leukocytes) (101). PTX3 was found in high concentration in milk and in
particular in colostrum. When administered via the oral route, mimicking the delivery of
PTXA3 through colostrum, PTX3 rapidly diffused in tissues and protected neonate mice from
P, aeruginosa lung infection, thus contributing to innate immunity of neonates (70).

The role of PTX3 was studied in different infectious models by Gram-negative bacteria,
namely uropathogenic £. coli, Neisseria meningitidis and K. pneumoniae. PTX3 is the first
soluble PRM involved in resistance to urinary tract infections induced by uropathogenic £.
coli (71). During urinary tract infection, inflammatory cells and uroepithelial cells produced
PTX3 in a TLR4- and Myeloid differentiation primary response gene 88- (MyD88)-
dependent manner and PTX3 facilitated phagocytosis of £. coli by neutrophils, thus
controlling the bacterial load as well as tissue inflammation and damage (71). PTX3 also
interacted with acapsular Neisseria meningitidis, through outer membrane vesicles and
selected meningococcal antigens, and reduced the bacterial load in animal models of
infection, by amplifying the responses to this bacterium (15). Finally, the infection by K.
pneumoniae of PTX3-overexpressing mice caused increased inflammatory responses,
leading to protection or faster lethality, depending on the bacterial load inoculated (137).

In cytomegalovirus (CMV) infection, PTX3 played a protective role by reducing viral entry
and infectivity in DC in vitroand protecting mice from CMV primary infection and
reactivation /n vivo (17). PTX3 binds also the viral haemagglutinin glycoprotein of influenza
virus strain H3N2 through the sialic acid residue present on its glycosidic moiety and
inhibits hemagglutination and viral neuramidase activity (117). In contrast, PTX3 was
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inefficient in the defense against both seasonal and pandemic H1N1 influenza (78). The lack
of effect of PTX3 was attributed to amino acid variations of viral hemagglutinin and
neuraminidase and specificity for PTX3 sialic acid (77). In contrast with the described
protective role of PTX3 in viral infections, PTX3 was shown to bind to arthritogenic
alphaviruses (chikungunya virus and Ross River virus) and to facilitate viral entry and
replication during the acute phase of infection, causing enhanced viral infectivity and
prolonged disease (49).

SNPs of the PT.X3 gene associated in particular haplotypes have been linked to
susceptibility to different infections (see below), indicating that the functional role of PTX3
in innate resistance to infections is conserved in evolution and clinically relevant.

The results obtained in animal models of bacterial and viral infections suggest a Yin-Yang
role for PTX3 in infections, since depending on the context and levels of production, PTX3
plays protective roles or may contribute to pathogenesis of infectious diseases (Fig. 4).

8 A link between innate and adaptive immunity

Innate and adaptive immunity are linked and it is therefore not surprising that PTX3
contributes to adaptive immune responses. PTX3-deficiency was responsible of the
development of a defective protective Th1l-skewed response and of an abnormal Th2-skewed
response during A. fumigatus infection in vivo, which were attributed to defective DC
activation by A. fumigatus conidia in the absence of PTX3 (see above and (52)). In addition,
PTX3-deficient mice developed an impaired antibody response in vaccination protocols with
N. meningitis Outer Membrane Vesicles, and co-administration of PTX3 increased the
antibody response. These results suggest that PTX3, upon recognition of conserved
microbial moieties of N. meningitidis, acts as an endogenous adjuvant of humoral responses
to this bacterium (15).

Recently, PTX3 has been directly implicated in the regulation of antibody production (31).
Together with B-1 cells, splenic marginal zone (MZ) B cells, an innate-like subset of
antibody-producing lymphocytes located at the interface between the circulation and the
adaptive immune system, homeostatically generate antibodies through an innate-like
pathway: upon activation of B cell receptors, complement receptors, and TLRs, MZ B cells
rapidly produce IgM and 1gG with limited specificity for carbohydrate and lipid antigens
through a T cell-independent pathway. PTX3 was shown to be released by a specific subset
of neutrophils that surround the splenic MZ, to bind MZ B cells as well as and B-1 cells and
immature B cells, activating FcyR-independent signals that triggered class-switching from
IgM to IgG. PTX3 promoted MZ B cell differentiation into extrafollicular plasmablasts and
plasmacells. As a consequence, PTX3 enhanced IgM and 1gG responses to the blood-borne
encapsulated bacterium Streptococcus pneumoniae, capsular polysaccharides or
immunization with bacterial carbohydrates. These results indicate that PTX3 may bridge the
humoral arms of the innate and adaptive immune systems by serving as an endogenous
adjuvant for innate-like B cell subsets, including MZ B cells and B-1 cells (31).
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9 Cancer

In the context of an effort to translate PTX3 to the clinic as a novel candidate antimicrobial
agent in cancer patients at risk of opportunistic infections (36), we assessed its role in
carcinogenesis and observed that PTX3-deficiency is associated with increased susceptibility
to chemically-induced mesenchymal and epithelial carcinogenesis (13). In the models of 3-
Methylcholanthrene (3-MCA)-induced carcinogenesis, and 7,12-dimethylbenz [a]
anthracene/terephthalic acid (DMBA/TPA)-induced skin carcinogenesis, infiltrating myeloid
cells and endothelial cells were a major source of PTX3 in response to locally produced
IL-1. PTX3-deficient tumors showed enhanced macrophage infiltration, pro-inflammatory
cytokine production, angiogenesis, complement C3 deposition and C5a levels, indicating
increased cancer-related inflammation and complement activation. C3-genetic inactivation
and CCL2-inhibition reverted the increased susceptibility to mesenchymal carcinogenesis
and the M2-like phenotype and recruitment of tumor-associated macrophages in PTX3-
deficient mice (Fig. 5). PTX3 was shown to regulate C3-deposition on sarcoma cells by
interacting with and recruiting the negative regulator Factor H (13). Cancer-related
inflammation has been proposed to contribute to cancer cell genetic instability (32).
Interestingly, PTX3-deficiency was associated with increased DNA damage, as evidenced by
increased mutations of 77053, one of the genes targeted by 3-MCA, oxidative DNA damage
and expression of DNA damage markers (13). Finally, in selected human mesenchymal and
epithelial tumors, the P7.X3 promoter and regulatory regions were highly methylated and
this epigenetic modification caused transcriptional inactivation and silencing of PTX3
expression (13, 123, 147). In colorectal cancer PTX3 gene methylation and silencing is an
early event, already detectable in adenomas and stage 1 neoplastic lesions, an observation
consistent with a key role in pathogenesis (13). PTX3 interacts with several fibroblast
growth factors (FGFs), such as FGF2, and FGF8b, and inhibits FGF-dependent angiogenic
responses (115), including cancer-associated angiogenesis, and as a consequence, tumor
growth (123, 124). In apparent contrast with these studies, it has been proposed that in
specific models PTX3 has a pro-tumorigenic role, for instance by promoting tumor cell
migration and invasion and macrophage chemotaxis (27, 28, 30, 81).

In different clinical studies, PTX3 emerged as a local or systemic marker of cancer-related
inflammation. In particular, PTX3 was overexpressed in soft tissue sarcomas (55), lung
cancer (64, 114), myeloproliferative neoplasms (8), pancreatic carcinoma (81), gliomas (89),
and hepatocellular carcinoma (24), sometime correlating with cancer malignancy. In the case
of lung cancer, different studies showed increased systemic and local PTX3 expression
levels and a correlation with disease aggressiveness and progression (64, 114). Interestingly,
in contrast with other epithelial cells that are poor producers of PTX3, lung epithelial cells
express PTX3 in inflammatory conditions via JNK (60). This suggests that cancer-related
inflammation may directly regulate PTX3 expression in lung cancer cells. Similarly, in
myeloproliferative neoplasms, PTX3 expression correlated with mutant JAK2 (JAK2V617F)
allele burden (8, 91), which is known to sustain leukocyte activation.

In conclusion, results in preclinical models and in selected human tumors (e.g. colorectal
cancer) indicate that PTX3 acts as an extrinsic oncosuppressor gene, taming complement-
driven macrophage-mediated tumor promotion. In other tumors, elevated PTX3 expression
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and levels appear to reflect cancer related inflammation or genetic events that drive
carcinogenesis as is the case for JAK2 in myeloproliferative neoplasms. Further studies are
needed to dissect the yin-yang of PTX3 in individual human tumors other than those
mentioned above.

10 Human genetics and translation

The similarity with CRP, a widely used biomarker in several pathological conditions,
prompted investigation of the usefulness of PTX3 as marker in diverse human pathologies
with an infective or inflammatory origin. PTX3 in human plasma behaves as an acute phase
protein, increasing more rapidly than CRP in inflammatory conditions. Evidence in acute
myocardial infarction and meningococcal sepsis suggests that PTX3 increases already 6-8 h
after insult whereas CRP increases with a lag of 24-30 h. The different behavior of the two
cognate molecules correlate with the characteristics of their production. CRP is systemically
produced by the liver in response to IL-6. On the contrary, the local production by different
cell types and the release of the preformed protein by neutrophils in response to primary
proinflammatory cytokines or microbial recognition, likely accounts for the rapidity of
PTX3 increase. In healthy subjects, PTX3 plasma levels are around 2 ng/ml (152), and
increase rapidly and dramatically up to hundreds of nanograms and even micrograms per ml
during endotoxic shock, sepsis and other inflammatory and infectious conditions.

Increases of PTX3 plasma concentrations were described in pulmonary aspergillosis,
meningococcal disease, tuberculosis, leptospirosis and dengue virus infection (4, 11, 36, 95,
139, 146). High levels of PTX3 were also associated with severe inflammatory response
syndrome (SIRS) and sepsis (10, 22, 104, 144). In addition, in patients with acute
myocardial infarction, PTX3 plasma levels increased rapidly, peaking within 8 hours from
the onset of symptoms, and emerged as the only independent predictor of mortality among
other established markers ([i.e. CRP, NT-proBNP, TroponinN, (85, 113)]. Other observations
indicated the value of PTX3 in cardiovascular diseases, atherosclerosis (80, 134), and as
predictor of all-cause mortality (47, 74, 75, 84). In general, data collected in different
pathological conditions, evidenced an association between PTX3 plasma levels, disease
severity and mortality. Besides cardiovascular diseases and sepsis, this is true for stroke
(129), resuscitation from cardiac arrest (120) and kidney disease (142). In addition high
PTX3 plasma levels predicted mortality in hemodialysis patients (140, 154) and hospitalized
patients (9).

The role of PTX3 as marker of cancer-related inflammation has been mentioned above. In
addition, in patients with hemato-oncological diseases undergoing hematopoietic stem cell
transplantation, a strong increase in PTX3 plasma levels was observed at the onset of acute
graft-versus-host disease (GvHD) (40). In this group of patients PTX3 plasma levels at
GVHD onset predicted disease outcome, being significantly higher in those experiencing
severe GVHD or those not responding to therapy. These results suggest that PTX3 could be
used as a biomarker of GVHD severity and therapy responsiveness, a potentially important
observation to tailor anti-GvHD therapy as soon as the pathology occurs.
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In the pathological conditions detailed above, inflammation is the driving cause of PTX3
increases. However in the last years a number of observations analysed whether and how
PTX3 genetic variants could have an impact on the susceptibility to diseases and/or on
PTX3 blood levels. Focus was on three SNPs in the PTX3 gene: rs2305619, rs3816527 and
rs1840680. As already mentioned, only one of the three SNPs analysed, (rs3816527) is
located into exon 2 and causes an amino acid change (Asp48Ala) in a strategic position of
the PTX3 N-terminal domain.

A protective haplotype was identified in a cohort of more than 400 patients infected with
Mycobacterium tuberculosis (110) or in Pseudomonas aeruginosa infected individuals with
cystic fibrosis (29). In human urinary tract infections, local and systemic levels of PTX3
correlated with clinical parameters of infection severity, and genetic variants were associated
with susceptibility to acute pyelonephritis and cystitis (68). An association was found
between genetic polymorphisms in the A7.X3locus and PTX3 blood levels in Ghanaian
women (98), in patients with meningococcal sepsis (B. Bottazzi and T. Sprong, personal
communication), and in lung-transplant recipients with primary graft dysfunction (43). An
association was found between a donor haplotype in the PTX3 gene and incidence of
invasive aspergillosis in patients undergoing hematopoietic stem cell transplantation. This
haplotype was consistently associated with lower PTX3 levels in aspergillosis (36) and other
clinical conditions (7). This observation was extended to solid organ transplanted patients
and confirmed by two independent studies, where PTX3 polymorphisms behaved as
independent risk factor for incidence of mold infections (37, 150). In agreement with these
studies and with the role of PTX3 in promoting Ig production, sarcoidosis patients harboring
a haplotype variant of the PTX3 gene associated with reduced PTX3 expression showed
decreased capsular polysaccharides-reactive IgG in bronchoalveolar lavage fluids (31).

The impact of PTX3 genetic variation was also investigated in acute myocardial infarction
patients. PTX3 SNPs did not significantly influence the risk of acute myocardial infarction
in a European population, despite the association with high levels of circulating protein (7).

Epigenetic mechanisms, in particular promoter methylation, were recently described to
affect PTX3 expression. In particular hypermethylation of PTX3 promoter was found in
esophageal squamous cell carcinoma, in colorectal cancer and leiomyosarcomas (13, 147),
and is associated to lower PTX3 expression. On the contrary, lower promoter methylation
was observed in patients with coronary artery disease, resulting in higher PTX3 plasma
concentrations.

Thus PTX3 gene polymorphisms are associated with protein levels and risk of developing
selected infections, in particular fungal (36, 37, 150). Preclinical evidence suggests that
PTX3 has therapeutic potential against infectious agents (e.g. A. fumigatusand P
aeruginosa), which represent a formidable clinical challenge, and that it can be additive or
synergistic with conventional antimicrobial agents (38, 54). These results raise the issue of
clinical translation of PTX3 as a diagnostic and/or therapeutic agent.
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11 Concluding remarks

The humoral arm of innate immunity includes diverse molecules and diversity has obscured
recurrent common themes. PTX3 is a key component of humoral innate immunity,
characterized by high degree of conservation in evolution. Indeed, analysis of genetic
associations in humans in terms of physiology (fertility) and pathology (susceptibility to
infection) has yielded results mirroring results in gene modified mice. From an innate
immunity perspective, PTX3 behaves as a functional ancestor of antibodies with shared key
words and properties: microbial recognition, complement activation, opsonization,
regulation of inflammation. We surmise that these key words are a recurrent unifying theme
among fluid phase PRM and provide a framework for and a common denominator of
diversity in humoral innate immunity.

However, innate antimicrobial resistance does recapitulate the physiological function of
PTX3 and its evolutionary conservation. PTX3 plays a role in the extracellular matrix and
the most dramatic reflection of this facet of this PRM is its physiological role in murine and
human female fertility. It is reasonable to assume that its role in fertility has been key to its
conservation in mammalian evolution. In the same vein, recent evidence suggests that PTX3
is essential for tissue repair by favoring timely dissolution of the provisional matrix
represented by fibrin, and this function of PTX3 is switched on by the acid
microenvironment typical of tissue damage and inflammation. This result indicates that
cellular glycolytic metabolism by causing acidification sets PTX3 in a tissue repair and
remodeling mode while retaining defense functions.

In an unexpected twist, PTX3 was found to act as an extrinsic oncosuppressor gene in the
mouse and in selected human tumors (e.g. colorectal) by taming tumor promoting
inflammation. The finding that an effector molecule of humoral immunity is a bona fide
cancer gene provided a missing link in the connection between inflammation and cancer. In
addition these and other results suggest that humoral innate immunity is a component of
cancer-related inflammation. However, other emerging clinical data, such as the finding that
PTX3 is a correlate of the JAK2 mutational load in chronic myelodisplastic neoplasms, point
to potentially different function of this molecule in different tumors. Therefore the full
spectrum of the yin yang role of PTX3 in carcinogenesis remains to be fully dissected in
relation to its complexity in physiology.

The results summarized in this review indicate that a component of the humoral arm of
innate immunity, PTX3, plays a complex role at the crossroad and interface between innate
immunity, inflammation and extracellular matrix organization and remodeling, with
profound implications in physiology and pathology. Preclinical evidence, genetic
conservation and human genetic association provide a rationale for diagnostic and
therapeutic translation.
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3-MCA
aHUS
AMD
BMP15
C4BP
CCL20r MCP-1
CMV
CVB3
CR3
CRP
CVB3
DC

DC-SIGN

DMBA/TPA
FcyR
FGF
FG

FH
FSH
GDF-9
GvHD
HA
hCG
HCs

1AV

3-methylcholanthrene

atypical hemolytic uremic syndrome
age-related macular degeneration
bone morphogenetic protein 15

C4 binding protein

monocyte chemoattractant protein-1
cytomegalovirus

coxsackievirus B3

complement receptor 3

C reactive protein

coxsackievirus B3

dendritic cells

dendritic cell-specific intercellular adhesion molecule-3-
grabbing nonintegrin

7,12-dimethylbenz [a] anthracene/terephthalic acid
Fcy receptors

fibroblast growth factor
fibrinogen

factor H

follicle-stimulating hormone
growth differentiation factor-9
graft-versus-host disease
hyaluronan

human chorionic gonadotropin
lal heavy chains

influenza A virus

interleukin
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lal inter-a-inhibitor

JAK?2 janus kinase 2

MBL mannose binding lectin

MD-2 myeloid differentiation protein 2

MyD88 myeloid differentiation primary response gene 88
MZ marginal zone

NALP3 NACHT, LRR and PYD domains-containing protein 3
NOD-like receptors nucleotide-binding oligomerization domain-like receptors
NT-proBNP N-terminal pro-brain natriuretic peptide

OmpA outer membrane proteins A

oMV outer membrane vescicles

PC posphorylcholine

Pig plasminogen

PRM pattern recognition molecule

PRR pattern recognition receptors

RIG-I-like receptors retinoic acid-inducible gene I-like receptors

SAP serum amyloid P component

SCR short consensus repeat

SNPs single nucleotide polymorphisms

SAXS small angle X-ray scattering

SIRS severe inflammatory response syndrome

TGFB transforming growth factor g

Th T helper

TLR Toll like receptors

TNF-a tumor necrosis factor-a

TNFAIP6 or TSG-6 TNF-a—induced protein 6
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Figure 1. Source and main functions of the long pentraxin PTX3.
Proinflammatory stimuli, TLR engagement and microbial recognition can induce PTX3

production by a wide variety of cell types, including cells of the myeloid lineage, vascular
and lymphatic endothelial cells, smooth muscle cells, fibroblasts, epithelial cells, adipocytes,
mesangial cells, astrocytes and cells of microglia. PTX3 gene is organized in three exons,
the first coding the leader peptide, the second coding for the N-terminal domain and the third
coding for the C-terminal, pentraxin like domain. The protein participates in matrix
remodeling, plays a non-redundant role in the resistance to selected pathogens, has a
regulatory role in inflammation and in fertility. The multifunctional properties of PTX3 are
connected with the capacity to interact with different ligands.
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Figure 2. Synergistic interaction of PTX3 with other fluid phase PRM.
The interaction of PTX3 with other fluid phase PRM, namely C1qg, MBL and ficolins,

results in a broader repertoire of effective microbial recognition leading to increased
Complement activation and effector functions.
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Figure 3. An acidic pH setsthe PTX3 molecule in a tissuerepair mode.
While at neutral pH PTX3 mainly participates to host defense and regulation of

inflammation, at acidic pH PTX3 can interact with fibrin and plasminogen, promoting
pericellular fibrinolysis by tissue remodelling cells and contributing to an appropriate tissue
repair.

fibroblasts

Physiol Rev. Author manuscript; available in PMC 2019 April 01.



s1duosnuBIA Joyiny sispund DN edoin3 ¢

s1dLIOSNUBIA JoLINY sispund DN 8doin3 ¢

Garlanda et al. Page 32

] Infections: fungi, bacteria, viruses I

v

'TLRs, IL-1R, TNFRs |

V
2 BN

|PMN M$ EpC EC

v Modulation of
Complement
activation

Opsonization and
phagocytosis via FcyRs

Complement
deposition

Viral entry I

Endogenous
adjuvant

Viral neutralization and | T —— I

inactivation
Promotion of antibody Negative regulation of leukocyte
production by M2 B cells recruitment
Resistance against Susceptibility to
A. fumigatus, P. aeruginosa, UPEC, High doses K. pneumoniae,
N. meningitides, CMV, |1AV CHIKV, RRV

Figure4. The Yin-Yang of PTX3in Innate | mmunity.
Depending on the pathogen, functional effects and levels of production, PTX3 plays a Yin-

Yang. In infectious diseases PTX3 can exert protective roles (in green) or may contribute to
pathogenesis (in pink).
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Figure 5. Role of PTX3in cancer.
PTX3 regulates complement activation and tumor promoting inflammation, as well as FGF-

dependent neo-angiogenesis and tumor growth. Indeed, genetic or epigenetic silencing of
PTX3 results in increased tumor growth.
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