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Abstract

Acute-on-chronic liver injury is characterized by an important inflammatory response frequently
associated with endotoxemia. In this context, acute phase proteins such as Pentraxin-3 (PTX3) are
released, however, little is known about their role in chronic liver disease. The aim of this study
was to elucidate the role of PTX3 in liver injury. Role of PTX3 was evaluated in cultured human
cells, liver tissue slices and mice with acute-on-chronic liver injury. PTX3 expression was assessed
in tissue and serum samples from 54 patients with alcoholic hepatitis (AH). PTX3 expression was
up-regulated in animal models of liver injury and strongly induced by lipopolysaccharide (LPS).
Liver cell fractionation showed that macrophages and activated hepatic stellate cells (HSC) were
the main cell types expressing PTX3 in liver injury. Ex vivo, and /n vivo studies showed that PTX3
treatment attenuated LPS-induced liver injury, inflammation and cell recruitment. Mechanistically,
PTX3 mediated HSC wound-healing response. Moreover, PTX3 modulated LPS-induced
inflammation in human primary liver macrophages and peripheral monocytes by enhancing a
TRIF-dependent response and favoring a macrophage 1L-10-like phenotype. Additionally, hepatic
and plasma PTX3 levels were up-regulated in patients with AH, a prototypic acute-on-chronic
condition and its expression correlated with disease severity scores, endotoxemia, infections and
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short-term mortality. Thus, suggesting that expression of PTX3 found in patients could be a
counterregulatory response to injury.

Conclusion—Experimental and human evidences suggest that in addition to being a potential
biomarker for AH, PTX3 participates in wound-healing response and attenuates LPS-induced liver
injury and inflammation. Therefore, administration of PTX3 could be a promising therapeutic
strategy in acute-on-chronic conditions, particularly those associated with endotoxemia.
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Background

Chronic liver diseases are characterized by a persistent inflammatory response as well as a
progressive wound-healing process that usually lead to fibrosis (1). Advanced liver diseases
are associated with increased gut permeability leading to increased endotoxemia and
lipopolysaccharide (LPS) levels in serum (2—4). Moreover, patients with advanced diseases
are prone to developing acute events of inflammation and infections (5), which are the main
cause of the development of acute-on-chronic liver failure (ACLF) (6,7). One of the triggers
of ACLF is Alcoholic Hepatitis (AH), which is characterized by and important inflammatory
response, hepatocellular injury, liver failure and is frequently associated with increased
endotoxemia.

By binding to LPS, toll-like receptor (TLR) 4 is one of the main receptor driving
inflammatory response (8,9). TLR4 response to LPS is dependent on accessory proteins,
among them MD2 and CD14 (10). TLR4 downstream signaling and cytokine production is
mainly governed by myeloid differentiation primary response 88 (MyD88) (11), with the
early activation of NF-xB and production of pro-inflammatory cytokines (12), and TIR-
domain-containing adapter-inducing interferon (TRIF), essential for late activation of NF-
kB, IRF-3 and production of IFN-inducible genes (9,12,13). Activation of TLR4 has been
shown to enhance cytokine production, macrophage polarization (14), inflammatory cell
recruitment and hepatic stellate cell (HSC) activation (15).

Pentraxin-3 (PTX3) is a member of the humoral arm of innate immunity and is involved in
the modulation of inflammation and tissue remodeling (16). Moreover, PTX3 can also act in
response to pathogens by acting as a soluble pattern-recognition receptor (16) or binding to
pathogens (16-19). PTX3 is the long member of the pentraxin family together with C-
reactive protein and the serum amyloid P component (20,21). Short components of this
family are mainly produced by hepatocytes in response to inflammation and act as acute
phase response proteins. Conversely, PTX3 is broadly expressed and can be produced in
different organs after injury, infection or inflammation mainly by mesenchymal and
inflammatory cells (20,21).

PTX3 exerts its pleiotropic functions through interaction with a variety of soluble ligands;
however, although PTX3 can interact with Fc receptors, no specific receptors have been
identified. (22)(19). PTX3 was shown to be protective in models of tissue injury mediated by
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infection, increased LPS as well as in sterile inflammation (23-28). Recently, the role of
PTX3 in tissue repair and remodeling was reported. (29). PTX3-deficiency was found to be
associated with dysfunctional tissue repair and with increased collagen deposition and scar
formation in liver and other organs (29). In the context of liver diseases, circulating levels of
PTX3 were found to be elevated in non-alcoholic steatohepatitis and associated with disease
progression (30,31). However, the expression and role of PTX3 in liver injury and in
response to inflammation are not well understood.

In this study we show that PTX3 expression and serum levels are strongly associated with
liver disease progression and endotoxemia. PTX3 is locally produced by activated HSC in
chronic liver injury, and administration of PTX3 attenuated LPS-induced liver injury and
inflammation by modulating cytokine production induced by TLR4 activation.

Materials and Methods

Patients

Samples from 54 patients with clinical, analytical and histological features of AH were
selected. These cases are part of our historic cohort of patients with AH and cirrhotic
controls admitted to the Liver Unit of the Hospital Clinic of Barcelona from July 2009 to
January 2015. The study was approved by the Ethics Committee of the Hospital Clinic of
Barcelona and informed consent was obtained from all patients before inclusion. Inclusion
and exclusion criteria have been described previously (4).

In vitro studies

Human primary HSC were isolated from control patients, and cultured as previously
described (32). For gene expression analysis by qPCR, total RNA was isolated using
RNeasy Mini Kit (Quiagen) as described manufacturer's protocol.

Effect of PTX3 in human monocyte inflammatory responses and polarization
—Buffy coats, provided by the Blood and Tissue Bank (Barcelona, Spain), were obtained
from healthy blood donors following the institutional standard operating procedures for
blood donation and processing. Peripheral blood (PB) mononuclear cells were isolated from
donors as previously described (33). The percentage of CD14+ cells (Peripheral Blood
monocytes) routinely obtained were 5% (+/- 3%).

Experimental mouse models of liver damage

Experimental models were performed using 6 to 12-week-old male mice C57BL/6 (Charles
River, I'Arbresle, France). All animal studies were approved by the Ethics Committee of the
University of Barcelona. To induce chronic liver injury, mice were treated with carbon
tetrachloride (CCly) injected intraperitoneally at a dose of 0.5mL/kg twice a week; control
mice were injected with corn oil. In order to study the effects of acute-on-chronic liver
injury, we performed a model combining the damage of chronic CCl, with administration of
LPS (Sigma-Aldrich), mimicking the outcome of endotoxemia in the situation of chronic
liver disease as previously used (34).
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The role of PTX3 during acute-on-chronic liver injury was investigated /7 vivo in chronic
CCly (0.5mL/kg twice a week during two weeks) treated mice. Intraperitoneal
administration of rPTX3 (5mg/kg body weight) was performed 2 hours before intravenous
injection of LPS (2,5mg/kg); control mice were intraperitoneally injected with corn oil and
intravenously with vehicle. Mice were sacrificed 24 hours after LPS injection and blood,
livers, lungs, and kidneys were removed for subsequent analysis.

PTX3 expression is increased in experimental models of chronic and acute-on-chronic

liver injury

PTX3 is rapidly induced after injury in several tissues; therefore, we evaluated the
expression of PTX3 in animal models of chronic liver disease and acute-on-chronic liver
injury. Administration of carbon tetrachloride (CCl,) to mice, a well-established animal
model of chronic liver injury and fibrosis, induced a time-dependent increase in PTX3 liver
expression (Fig. 1A). Liver cirrhosis is frequently associated with increased gut permeability
and endotoxemia with elevated circulating levels of LPS (2,3). Therefore, we evaluated the
effect of LPS administration on PTX3 expression. Interestingly, while the administration of
LPS to healthy animals did not induce PTX3 expression (Fig. 1B), LPS infusion in CCly
treated animals, a model of acute-on-chronic liver injury, induced a marked increase in
hepatic PTX3 expression (Fig. 1C). Interestingly, 7/r4 hepatic expression was increased in
CCly treated animals, but not further increased by LPS stimulation (Supp Fig. 1). These
results suggest that preexisting liver injury may be necessary to mediate LPS-induced PTX3
expression.

In order to elucidate the cell source of PTX3 in chronic liver injury, we evaluated PTX3
expression by immunohistochemistry. As shown in Figure 1D, PTX3 expression in mice
with CCls-induced chronic liver injury plus LPS was mainly localized at inflammatory areas
and sinusoidal cells. Furthermore, we assessed Ptx3 gene expression in different liver cell
sorted populations, namely hepatocytes, HSC, macrophages, neutrophils and T cells isolated
from healthy mice and those with acute-on-chronic liver injury. Interestingly, while the main
producing cell type in healthy livers was neutrophils, macrophages and particularly HSC
were the main cell types expressing PTX3 in injured livers (Fig. 1E). In order to evaluate the
purity of sorted populations, we evaluated the gene expression of A/b, Mpo, Cd3e, F4/80
and Collal in each of the populations obtained, which showed high enrichment (Supp Fig.
2).

PTX3 enhances HSC activation and is expressed in activated HSC

HSC are the main cell type producing PTX3 in mouse models of liver injury. Therefore, we
assessed the expression and effects of PTX3 in human HSC, the main cell type responsible
for the wound-healing response of the liver (35). We first evaluated the expression of PTX3
in human quiescent HSC freshly isolated from normal livers, followed by their activation in
culture. Upon culture activation, HSC strongly increased the expression of PTX3 compared
to quiescent HSC (Fig. 2A). Moreover, pro-inflammatory mediators such as tumor necrosis
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factor a (TNF-a), interleukin 18 (IL-1p) and LPS enhanced PTX3 expression in human
primary activated HSC as compared to vehicle (p<0,05) (Fig. 2B).

Stimulation of human primary activated HSC with recombinant PTX3 (rPTX3) induced an
up-regulation of HSC activation marker and extracellular matrix genes (COL1A1, ACTAZ,
CTGF, LOX) (Fig 2C) but did not significantly change the expression of pro-inflammatory
genes (TNF-a, CCL20, MCP-1) (Fig.2C). Moreover, rPTX3 induced ERK % and AKT
phosphorylation in HSC, suggesting that PTX3 induces intracellular signaling in HSC (Fig.
2D). To further investigate the biological effect of PTX3 on HSC, we performed a wound-
healing assay with primary HSC. As a positive control, cells were stimulated with PDGFBB,
a main mitogen for HSC. As shown in Figure 3A, incubation with rPTX3 increased HSC
migration and wound closure. Next, we evaluated the effects of silencing PTX3 in LX2
human HSC cell line by siRNA. As shown in Figure 3B, transfection of HSC with a siRNA
targeting PTX3 reduced PTX3 mRNA and protein expression as compared to scramble
SiRNA. HSC treated with PTX3 siRNA significantly reduced the expression of activation
genes such as COL1A1, ACTA2and LOX, but did not reduce the expression of
inflammatory mediators (Fig. 3C). Results from recombinant PTX3 stimulation and
silencing of endogenous PTX3 expression suggest that both exogenous as well as
endogenous PTX3 induce HSC activation. In order to elucidate if PTX3 might exert its role
on HSC through Fc gamma receptors (FcyRs), we investigated their expression in primary
human HSC. Gene expression of FcyR-1 and FcyR-2 was not detected in cultured HSC.
The expression of FcyR-3, the FcyR with the highest affinity for PTX3 (22), was assessed
by flow cytometry, showing no expression in cultured HSC (Supp. Fig. 3A).Taken together,
these results indicate that PTX3 is expressed in HSC and is involved in their activation,
reinforcing its potential role in liver wound-healing response.

PTX3 modulates LPS-induced liver injury and inflammation

PTX3 was highly expressed in LPS-induced acute-on-chronic liver injury. Therefore, we
explored the potential role of PTX3 in LPS-induced inflammation in a context of chronic
injury. First, we evaluated the effect of PTX3 in high precision-cut liver slices from mice
treated with CCly. Liver slices were incubated in the presence or absence of rPTX3 and
stimulated with LPS. As shown in Figure 4A, rPTX3 alone did not induce any significant
effect; however, incubation with rPTX3 was able to attenuate the expression of inflammatory
mediators such as Cc/20, Ccl5, Mcp-1 induced by LPS. Moreover, incubation with rPTX3
also reduced lactate dehydrogenase (LDH) and aspartate transferase (AST) levels in tissue
culture supernatant (Fig. 4B). Taken together, these results suggest that PTX3 may protect
against LPS-induced liver damage by attenuating the expression of pro-inflammatory
cytokines and hepatocellular damage.

Next we evaluated the role of PTX3 /n vivoin an acute-on-chronic hepatic injury model of
CCly-induced liver injury plus LPS (Fig. 5A). Treatment with rPTX3 before LPS stimulation
substantially reduced liver damage as assessed by LDH, AST and alanine aminotransferase
(ALT) serum levels (Fig. 5B). In addition, PTX3 treatment reduced inflammatory response
by down-regulating Ccl20, Mcp-1, Ccl5, IL-1B, Tnf-a, Cxcl2and Nos-Z gene expression
(Fig. 5C). Moroever, macrophage M1 inflammatory mediators (i.e. Mcp-1, IL-18, Tnf-a)
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but not M2 markers (Mrcl, Arg1 and /L4)were reduced in PTX3-treated animals (Fig. 5C).
Moreover, histological evaluation showed a significant reduction of neutrophil and
macrophage liver infiltration in mice treated with rPTX3 (Fig. 5D). This reduction in
recruitment was not associated with changes in Fcy receptor expression between
experimental groups (Supp Fig. 3B). It is important to note that chronic liver injury and
endotoxemia are associated with extra-hepatic organ injury (6). In this regard, rPTX3
administration significantly reduced the expression of LPS-induced inflammatory mediators
and neutrophil infiltration in the kidney and the lung (Supp. Fig. 4A-C). Together, results
from ex vivo and /n vivo experiments suggest that PTX3 administration exerts a hepato-
protective effect and modulates LPS-induced liver injury and inflammation.

PTX3 regulates inflammation by targeting monocytes and liver macrophages

Our data suggest that PTX3 is able to attenuate inflammatory responses to LPS in liver as
well as the inflammatory cell infiltrate. However, since no direct anti-inflammatory effect
was observed on HSC, we analyzed whether PTX3 could be targeting macrophages. First,
we evaluated whether PTX3 was able to block TLR4-LPS response in peripheral blood
monocytes isolated from healthy donors. Interestingly, while rPTX3 clearly reduced the
early response to LPS by decreasing TNFa and IL-1p production, it increased the
production of CCI5 (Fig. 6A). Second, we evaluated the effect of rPTX3 in human liver
macrophages. As shown in monocytes, stimulation of liver macrophages with rPTX3
reduced LPS-induced TNF-a and IL-1p secretion in cell culture media, and induced a
marked increase in CCL5 production (Fig. 6B). It has been shown that in macrophages
PTX3 modulates the inflammatory response to infection by Aspergillus conidia by binding
to MD2, the TLR4-accessory protein (26). We therefore studied the ability of PTX3 to
interfere with MD2 activity in a widely used cellular system. We transfected human
embryonic kidney (HEK)-293 cells stably expressing TLR4 or TLR4 plus CD14 with MD2.
As shown in Supplementary Figure 5, rPTX3 did not significantly affect LPS response in
TLR4 and TLR4/CD14 HEK cells transfected with MD2, suggesting that in this system
PTX3 may not prevent MD2 contribution to LPS activation though TLR4, TLR4-CD14
complexes.

Next, we evaluated whether PTX3 influenced the polarization of monocytes into
macrophages. As control stimuli, we treated macrophages with: IFN/LPS to induce an M1
(M-IFN/LPS) phenotype (CD80 positive); IL4 (M-1L4) to induce a M2a phenotype (CD23
and CD206 positive); and with 1L10 (M-1L10) to induce M2c (CD163 and CD36 positive)
(36). As observed by comparison with all the different stimulations, rPTX3 modulated the
expression of polarization markers in a similar way as I1L10: it induced an increase in CD163
and CD36 expression, suggesting that it may enhance the acquisition of an IL10-like
macrophage phenotype. Conversely, the use of human albumin as a negative control protein
did not substantially alter the macrophage phenotype (Fig. 6C). Moreover, we also evaluated
the potential of PTX3 to induce M2 phenotype in liver macrophages. Human liver
macrophages stimulated with rPTX3 showed an increase in expression of M2 markers
CD206, CD163 and Mertk and did not induce M1 marker CD80 (Fig. 6D).
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Taking together, these results suggest that PTX3 may modulate LPS signaling response in
monocytes and liver macrophages.

PTX3 is up-regulated in patients with acute-on-chronic liver disease and is associated with
disease severity

Alcoholic hepatitis (AH) is an acute-on-chronic condition characterized by liver injury,
fibrosis and an important inflammatory responses, in which endotoxemia is associated with
a bad outcome (2,3). Therefore, PTX3 liver expression and plasma levels were evaluated in
patients with alcoholic cirrhosis and AH.

As shown in Figure 7, PTX3 gene expression was increased in liver tissue from alcoholic
cirrhotic patients and was strongly up-regulated in AH patients (p<0.01) (Fig. 7A),
consistent with P7.X3 expression in experimental models of liver injury (Fig. 1A-B) (37,38).
Plasma levels of PTX3 were also increased in compensated alcoholic cirrhotic patients and
were further increased in patients with both mild and severe AH (Fig. 7B). Interestingly,
PTX3 hepatic gene expression and peripheral plasma levels showed a positive correlation,
suggesting that the liver may be an important source of circulating PTX3 (Fig. 7C). PTX3
staining in alcoholic cirrhosis was localized in septa areas with fibrosis and inflammation
(Fig. 7D). We next assessed the association of PTX3 plasma levels with clinical parameters
and scores of disease severity. As shown in Figure 7E, we found a positive correlation of
PTX3 plasma levels with the model for end-stage liver disease (MELD) (p<0.001) and age,
serum bilirubin, international normalized ratio, and serum creatinine (ABIC) scores
(p<0.01). Moreover, PTX3 plasma levels positively correlated with Maddrey score (p<0.01)
and procalcitonin but not with ultra-sensitive C-reactive protein (usCRP) serum levels and
the hepatic venous pressure gradient (HVPG). Importantly, PTX3 plasma levels correlated
with LPS serum levels (Fig. 7F), indicating a potential association of PTX3 expression with
endotoxemia. However, PTX3 plasma levels did not correlate with I1L-10, suggesting that
PTX3 may not be associated with 1L-10 expression and immune exhaustion (Supp Fig. 6C).
Additionally, PTX3 levels were higher in patients with infection at admission and in those
who developed in-hospital infections as compared to non infected patients (Supp Fig. 6B).
Next, we evaluated the association of PTX3 plasma level with 6-month mortality. PTX3
serum levels showed an AUROC of 0.76 (95% ClI: 0.69-0.89; p=0.002) for predicting 6-
month mortality. The Kaplan-Meier analysis showed that PTX3 levels above 10 ng/ml were
associated with a higher mortality at 180 days (Fig. 7G). This cut-off showed a sensitivity of
78% and a specificity of 60%. Finally, to evaluate the potential prognostic impact of PTX3
on 180-day mortality, we fitted a bivariate Cox regression (HR -hazard ratio-) analysis
adjusting PTX3 plasma levels for AH severity-scoring systems at admission (e.g. ABIC
score, MELD and Lille Model). PTX3 plasma levels were independently associated with
180-day mortality after adjusting for the well-validated scoring systems (p<0.05 for all
cases; Supplementary Table 2).

These results suggest that PTX3 is strongly associated with disease severity, and its
expression may be enhanced as a result of acute-on-chronic liver injury and endotoxemia.
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Discussion

In this study, we show that PTX3 is highly up-regulated in chronic liver diseases and
particularly in acute-on-chronic conditions such as AH in which correlates with disease
severity, adverse outcome and endotoxemia. We have identified activated HSC as the main
cell source of PTX3 in chronic liver disease. Moreover, PTX3 exerts a positive loop on HSC,
enhancing HSC activation and thereby promoting PTX3 synthesis. Interestingly, besides its
effects on wound-healing response, we show that PTX3 reduces LPS-induced acute-on-
chronic tissue injury and inflammatory cell recruitment. Moreover, PTX3 has a modulatory
effect on liver inflammation and particularly on LPS-induced responses.

Although there was a clear positive correlation of PTX3 with disease progression, our /n
vitro, ex vivoand in vivo data suggest that PTX3 exerts a hepatoprotective and a modulatory
effect on acute-on-chronic inflammatory events. Taken into account that PTX3 protein and
regulation are conserved between mice and humans (37,38). This apparently contradictory
result suggests that PTX3 might be expressed as a local response to injury and infection by
modulating an exacerbated inflammatory response. Moreover, high PTX3 levels in patients
could be a counter-regulatory response to disease severity. In the context of chronic liver
injury, the level of PTX3 expression may be determined by injury, inflammation and
endotoxemia. Additionally, PTX3 levels were associated with infection. Although
interesting, this latter result should be taken with caution since the number of patients is low
and significance is likely mainly due to the small number of patients with very high plasma
levels of PTX3. The current data suggest that PTX3 plasma levels may have potential as a
prognostic biomarker in AH patients. However, future studies with larger cohorts of patients
should specifically evaluate the potential of PTX3 as a biomarker for chronic liver diseases.

Interestingly, in patients with AH, there was a good correlation between liver expression and
circulating levels of PTX3, suggesting that the liver may be the main source of PTX3 in
chronic liver diseases. Although PTX3 production and release is local at the site of injury,
PTX3 is secreted and detected in the circulation, suggesting that it may exert its effects at a
systemic level. Indeed, from our therapeutic approach in which PTX3 was administered
systemically, we could detect its effects in the liver but also in the lungs and kidneys. This is
an important finding for the potential use of PTX3 administration as a therapeutic
intervention since in acute-on-chronic conditions extra-hepatic organs are frequently
affected. Moreover, infections and endotoxemia are the main cause of acute-on-chronic liver
failure, a syndrome recently associated with multi-organ failure and high mortality (6).

PTX3 has been reported to participate in wound-healing response in different organs,
including the liver (29). In this regard, we showed that while PTX3 is mainly expressed in
neutrophils in healthy liver, in injury it is mainly expressed in HSC, the main cell type
responsible for the liver wound-healing response and liver fibrosis (35). Human HSC do not
express the main receptors identified for PTX3. This is not surprising, since the existence of
potential PTX3 receptors have been extensively investigated in other cell types with little
success. It has been proposed that unidentified receptors for PTX3 may exist, however, most
reports suggest that PTX3 exerts its biological functions by indirect binding to other proteins
such as TSG-6, FGF-2, Clq, Ficolin-1, Inter-a-trypsin-inhibitor (Ial) and not by direct
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interaction with a specific receptor (39-44). Besides the role of HSC in the production of
extracellular matrix components fro wound-healing response, HSC are important players in
the inflammatory response of the liver, mainly by promoting inflammatory cell recruitment
and expression of inflammatory mediators. Although PTX3 does not modulate inflammatory
gene expression in HSC, the important expression of PTX3 by activated HSC suggests that it
may have paracrine effects to modulate liver inflammation and to control inflammatory
responses in the liver. The differential expression of PTX3 in healthy and injured liver
together with the data that show that PTX3 drives HSC activation, suggest that in response
to injury PTX3 released by neutrophils may promote HSC activation. However, in chronic
liver disease, activated HSC would become the main cell type producing PTX3, which may
enhance wound-healing response and exert protective and immune modulatory effects.
Neutrophils serve as a reservoir of PTX3 for a rapid release in response to microbial or
inflammatory signals, when PTX3 acts as an acute phase protein (45). Once neutrophils
activate, they stop or reduce PTX3 production. During injury, different cell types may also
contribute to PTX3 production (46). In this study we describe that HSC, express PTX3
during activation and in response to injury and inflammatory signals. One of the
transcription factors that regulate the constitutive expression of PTX3 is AP-1 (47), but no
information is available regarding the regulation of PTX3 expression in liver injury. Further
studies will need to address the regulation of PTX3 in HSC.

Our data together with previous reports showing the role of PTX3 in tissue repair (29)
suggest that PTX3 expression may not only be associated with fibrogenesis but also with a
correct tissue wound-healing response and modulation of inflammation. Further studies
would have to determine the potential beneficial effects of long-term PTX3 treatment in
chronic liver diseases and fibrogenesis.

Acute administration of PTX3 has a clear protective effect on hepatocellular injury as well
as inflammatory response. The well-known pleiotropic nature of PTX3 suggests that PTX3
may exert this complex protective effect by a combination of mechanisms. In other organs it
is reported that PTX3 binds to p-selectin preventing inflammatory cell recruitment and
thereby attenuating inflammatory response (43). In addition, it is known that PTX3
opsonizes apoptotic cells and contributes to their clearance, preventing autoimmune
reactions in inflamed tissues (18,39,48). Therefore, in the context of liver injury, PTX3
reduce inflammatory response by reducing inflammatory cell infiltration and potentially by
directly targeting inflammatory cells modulating their phenotype and response. Remarkably,
in this study we identified an unrecognized novel mechanism of action of PTX3 that may be
of critical relevance in the context of chronic liver disease. We found that PTX3 modulates
TLR4 downstream responses, reducing MyD88-dependent cytokines (TNF-a and IL-1B)
(12) and enhancing the production of TRIF-dependent CCL5 (12) in human monocytes and
in liver macrophages. This is in agreement with a previous report describing that PTX3
binds to MD2 and needs TRIF to promote TRIF-dependent protection in Aspergillosis (26).
Moreover, our data suggest that PTX3 favors the acquisition of an anti-inflammatory 1L10-
like phenotype in human monocytes-derived macrophages and expression of M2 markers in
isolated liver macrophages. These results suggest that PTX3 may target peripheral
monocytes and liver macrophages modulateing inflammatory response and macrophage
differentiation and polarization. Although we show a clear effect of PTX3 on macrophages,
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we cannot conclude that PTX3 effect on macrophages is the only or the main mechanisms
conferring hepatoprotection. Altogether, these results suggest that the effects for PTX3
observed are certainly not exclusively mediated by a single mechanism but rather by a
combination of biological roles leading to a hepatoprotective effect and attenuation of
inflammatory recruitment and response.

The results of the present study show, for the first time, the liver expression of PTX3 by
activated HSC, and the role of PTX3 in liver injury and inflammation. Besides its well
recognized role on bacteria opsonization and clearance, we identified a novel mechanism of
action of PTX3 in the context of LPS-induced liver injury and endotoxemia. Moreover, we
describe its immunomodulatory effects in human macrophages in the context of liver injury
and disease. These results, together with the human data provided, suggest that PTX3 may
be an important local and also systemic player in chronic liver disease, and that PTX3
administration may be a promising therapeutic strategy in acute-on-chronic liver disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviation list

AKT protein kinase B
ABIC age, serum bilirubin, international ratio, and serum creatinine
ACLF acute-on-chronic liver failure

ACTA2 Alpha-Actin-2
AH Alcoholic Hepatitis
Argl Arginase 1

CCL20 C-C Motif Chemokine Ligand 20

CCl4 carbon tetrachloride
Ccl5 C-C Motif Chemokine Ligand 5
CD14 cluster of differentiation 14

CD163 cluster of differentiation 163

Hepatology. Author manuscript; available in PMC 2018 September 01.


http://www.ncbi.nlm.nih.gov/pubmed/23817411
http://www.ncbi.nlm.nih.gov/pubmed/23817411
http://www.ncbi.nlm.nih.gov/pubmed/20208538

1duosnue Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Perea et al.

CD206
CD23
CD36
CD80
COL1A1
CRP
CTGF
Cxcl2
FcyR
HE
HSC
HVPG
IFN
IL10
IL-1B
IL4
LDH
LOX

LPS

cluster of differentiation 206
cluster of differentiation 23
cluster of differentiation 36
cluster of differentiation 80
Collagen Type | Alpha
C-reactive protein

Connective Tissue Growth Factor
C-X-C Motif Chemokine Ligand 2
Fc gamma receptor

hepatic encephalopathy

hepatic stellate cell

hepatic venous pressure gradient
Interferon

Interleukin 10

Interleukin 1 Beta

Interleukin 4

lactate dehydrogenase

Lysyl Oxidase

lipopolysaccharide

M APK/ERKMitogen-Activated Protein Kinase

MCP-1
MD2
MELD
Mrcl
MyD88
Nos-2

PB
PDGFBB

PDGFRB
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Monocyte Chemotactic Protein 1
myeloid differentiation factor 2
model for end-stage liver disease

Mannose Receptor, C Type 1

myeloid differentiation primary response 88

Nitric Oxide Synthase 2

Peripheral blood

Platelet Derived Growth Factor Subunit B

Platelet Derived Growth Factor Receptor Beta
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PTX3
rPTX3
SIRNA
SIRS
TLR4
TNF-a

TRIF

Pentraxin-3

recombinant PTX3

small interference RNA

systemic inflammatory response syndrome
toll-like receptor 4

Tumor Necrosis Factor

TIR-domain-containing adapter-inducing interferon
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a) Hepjaticy gene expression of Ptx3in mice treated with carbon tetrachloride (CCly) during
two weeks (n=4), four weeks (n=6) and eight weeks (h=4) (*p<0,05 compared with their
appropriate oil treated control group mice). b) Hepatic expression of PTX3 in mice treated
with LPS (10mg/Kg) (n=4) or vehicle (DPBS) (n=4). c) Hepatic gene expression of Pix3in
mice treated with oil+vehicle, CCL4 and CCL4+LPS (n=6 per group) (**p<0,01 compared
with control and CCL4 mice groups). d) Immunostaining of liver sections (x200
magnification) from CCL4+LPS treated mice show that PTX3 is expressed in inflammatory
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and non-parenchymal cells. e) Ptx3gene expression in FACS-sorted hepatic cells population
by immunoselection: neutrophils (Ly6G+), macrophages (F4/80+), T cells (CD3+),
hepatocytes, and HSC (VitA+). Hepatic cells were compared with whole liver of oil control
or CCl4+LPS respectively (*p<0,05; **p<0,01 compared with whole liver) (hepatic cells
sorted from mice n=3).
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Figure 2. Expression and role of PTX3 in hepatic stellate cells
a) PTX3gene expression in freshly isolated human quiescent HSC and after activation /n

vitro (n=4) (**p<0,01). b) Induction of PTX3 by pro-inflammatory mediators: cultured HSC
incubated for 24h with tumor necrosis factor a (TNF-a) 20 ng/mL and interleukin 1B
(IL-1B) 20 ng/mL and lipopolysaccharide (LPS) 100 ng/mL, (**p<0,01; *p<0,05 compared
with control). ¢) Expression of HSC markers of activation, pro-inflammatory and pro-
fibrogenic mediators in HSC after stimulation with rPTX3 100 ng/mL and 200 ng/mL.
(*p<0,05 compared with control). d) Representative western blot of phosphorylated and total
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ERK and AKT in HSC stimulated with rPTX3 200 ng/mL and platelet derived growth factor
(PDGFBB) (25 ng/mL) as positive control.
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Figure 3. Biological effect of PTX3in hepatic stellate cells
a) Representative pictures of Wound-healing assay (x200 magnification), with a dotted line

indicating the wound size at time 0. Effect of PTX3 on HSC wound-healing response,
incubated both rPTX3 (1 ug/mL) and PDGFBB (25 ng/mL). Wound closure is expressed as
wound closure percentage with respect to time 0 after scratch (*p<0.01). b) Evaluation of
siRNA efficiency. Expression of PTX3mRNA in HSC transfected with siRNA (**p<0,001
compared with siRNA-Control). Representative image of western blot of three independent
experiments, SiIRNA-PTX3 decreased PTX3 protein expression at predicted molecular
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weight (42-47 kD) and at multimeric forms of PTX3 with a molecular ranging from 42 to
200 kD. Proteins from total cell lysate of HSC treated for 48 hours with vehicle, SIRNA
negative Control and siRNA for PTX3. c) Expression of HSC activation markers in HSC
transfected with SiRNA-PTX3 and si-control for 24h.
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Figure 4. Effect of PTX3in high precision-cut liver slices
Liver slices from mice treated with CCl, were incubated with or without PTX3 and

stimulated with LPS. a) Gene expression of Cc/20, Ccl5, Mcp-1and Tnf-a in liver slices

204

Vehicle PTX3

after incubation for 1 hour with rPTX3 (500 ng/mL) (n=4) or vehicle with or without
addition of LPS (25 ug/mL) (n=4) for an additional 6 hours. #p<0,05 compared with control;
*p<0,05 compared with LPS induction. b) Tissue culture supernatant levels of lactate

dehydrogenase (LDH), aspartate aminotransferase (AST), and alanine aminotransferase
(ALT) in (n=4) from cultures of liver slices pre-incubated with rPTX3 or vehicle for 1 hour
before LPS stimulation for 6 hours #p<0,05 compared with control; *p<0,05 compare with

liver slices treated with LPS.
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Figure 5. Effect of PT X3 treatment in acute-on-chronic experimental model
a) Scheme of experimental procedure. CCl, treated mice were treated with rPTX3 two hours

before the infusion of LPS. Mice were sacrificed 24h after LPS infusion. b) Lactate
dehydrogenase (LDH), aspartate aminotransferase (AST) and alanine aminotransferase
(ALT) serum levels in control mice and in mice treated with CCl4+LPS (n=5) or
CCly+rPTX3+LPS (n=5) #p<0,01 compared with control group; *p<0,05 compared with
CCIl4+LPS treated group. c) Hepatic gene expression of Cc/20, Mcp-1, IL-1B, Tnf-a, Ccl5,
Cxcl2, Nos-2, IL-4, Mrc1, and Argin mice treated with CCl4+LPS (2,5mg/kg) (n=5) or
CCly+rPTX3 (5mg/kg)+LPS (n=5) #p<0,05 compared with control mice group; *p<0,05
compared with CCl4+LPS treated mice. d) Representative pictures of F4/80 and
myeloperoxidase (MPO) immunostaining of liver sections of mice treated with CCl4+LPS or
CCl4+rPTX3+LPS (x200 magnification). The graphs show quantification of the percentage
of positive stained area.
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Figure 6. Effect of PT X3 on monocytes and macrophages
Peripheral blood monocytes isolated from healthy donors and human liver macrophages

were incubated with rPTX3 followed by stimulation with LPS. a) human monocytes and b)
human liver macrophages relative TNF-a., IL-18 and CCLS5 levels in supernatant in the
presence of LPS (10 ng/mL) and rPTX3 (1 ug/mL) compared with LPS (10 ng/mL) alone;
n=3 donors and patients. For normalization, cytokine production induced by stimulation
with LPS of each experiment was set at 100; and relative cytokine production in the
presence of rPTX3 or controls was calculated (*p<0,05). Peripheral blood monocytes
isolated from four healthy donors were incubated (10° cells/well) during 3 days with
INF/LPS (50/100 ng/mL), IL4 (40 ng/mL), IL10 (50 ng/mL), human albumin (hSA, 1
pg/mL) and rPTX3 (1 pg/mL) separately in RPMI with 5% FBS. ¢) Expression of
macrophage polarization cell markers (CD80, CD23, CD206, CD163 and CD36) analyzed
by flow cytometry (n=4). d) Human liver macrophages isolated from patients were incubated
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with rPTX3 (1 pg/mL). Gene expression of macrophages cell markers (CD80, CD206,
CD163, Mertk) analyzed 24h after stimulation by real time PCR (n=4). As a positive control
of CD80 (M1) induction liver macrophages were incubated with LPS (10 ng/mL).
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Figure 7. PTX3 expression and correlation with clinical parametersin patientswith liver disease
a) PTX3hepatic gene expression in cirrhotic alcoholic liver disease patients (Cirrhotic)

(n=5), patients with alcoholic hepatitis (AH) (n=30) compared with healthy controls (n=5)
(*p<0,05; **p<0,01). b) PTX3 plasma levels were significantly increased in patients with
compensated cirrhosis (n=5) and both mild (n=15) and severe AH (n=39), compare with
healthy patients (n=8); *p<0,05 compare with controls; **p<0,01 compare with controls; $
p<0,01 compare with other groups. c) correlation of PTX3 plasma levels and hepatic gene
expression in patients with AH (n=23). d) Representative picture of PTX3
immunohistochemistry in liver sections of cirrhotic alcoholic liver disease patients (x200
magnification). Correlation of PTX3 plasma level with disease severity score, e) Model for
End-stage Liver Disease (MELD) score, f) Age, serum Bilirubin, INR, and serum Creatinine
(ABIC) score in patients with AH (n=54). g) Correlation of LPS serum level and PTX3
plasma levels in patients with AH (n=40). h) Kaplan-Meier analysis showing prognostic 180
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day mortality based on PTX3 plasma level in patients with AH (h=54). The cut-off with
better sensitivity and specificity was identified as 10 ng/mL (p=0,004). Severe AH was
defined as a MELD >21 and or ABIC >8.99.
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