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CHAPTER 1

General Introduction



1.1 APOPTOSIS AND FIBROGENESIS

Apoptosis is a form of cell death and is characterized by membrane blebbing, chromatin
condensation and nuclear fragmentation (Kerr JF, et al., 1972). The fragmentation of the cell into
the membrane is defined by apoptotic bodies. It is an essential process that plays a critical role in
tissue homeostasis, embryologic development, immunity and resolution of inflammation.

The clearance of apoptotic bodies is named efferocytosis and is mediated by professional
phagocytes, such as macrophages and immature dendritic cells (DC), that are mobile and capable of
infiltrating a wide variety of tissue (Ablin J, et al., 2005), performing key roles during the
inflammation and its resolution.

The recognition of apoptotic cells and their efferocytosis by professional phagocytes leads to
secretion of anti-inflammatory cytokines, such as TGF-§ and IL-10, which inhibit the production of
inflammatory mediators (Voll RE, et al., 1997; Fadok VA, et al., 1998). The defective clearance of
the apoptotic cells is associated with many autoimmune and chronic inflammatory disorders, being
the result of genetic anomalies or the persistent diseases state, and contributes to their the
establishment and progression (Jang E, et al., 2013).

The initial event in phagocytosis is the recognition of the target; the successful engulfment requires
that apoptotic cells must generate two signals: “a find me” signal and an “eat me” signal.

Generally, the apoptotic cell sensing system recognizes the change of expression of lipids or
carbohydrates on the outside membrane of dying cells (Greenn D, 2003; Ravichandran KS, and
Lorenz U, 2007). Indeed, the loss of membrane asymmetry during the apoptosis leads to oxidation
of phospholipids, that represent an “eat-me” signal, recognized by specific brinding molecules (or
find me signals) that facilitate the phagocytosis through interaction with the specific receptors
(Fadok VA. et al.; 1998).

Once recognized as “eat me” signal, the phosphatidylserine is traslocated from cell surface
(Savill J, et al., 2000). The phagocytes recognize this signal and trasduce him to the cell machinery
required for engulfment. (Henson PM et al., 2001). Finally the ingested particles enter in the
lysosomal system and are degradated.

The ingestion of the apoptotic cells results in potent anti inflammmatory and
immunosuppressive effects, through the production of anti-inflammatory cytokines and the
suppression of pro-inflammatory mediators release from activated macrophages (Voll RE, et al.,
1997, Fadok VA, et al., 1998; Lemke G, and Rothlin C, 2008).

The professional phagocytes display several receptors on the membrane that participating in
the recognition and in the efferocytosis processes. The involved receptors include: scavenger
receptors class A, CD36 and phosphatidylserine (PS) receptors, molecules belonging to the
immunoglobulin superfamily, vitronectin receptor, CD14;lipopolysaccharide (LPS) receptor,

complement receptor and TAM receptors (Platt N, et al., 1996; Taylor PR, et al., 2000).
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TAM receptors are one of 20 subfamilies of receptor tyrosine kinases (RKTs) that regulate
different processes including cellular proliferation/survival, cellular adhesion/migration and release
of the inflammatory cytokines.

This subfamily of RKTs comprises three receptors, Tyro-3, Axl and MerTK, which share
the ligands Gas6, TULP1, Tubby and protein S, and mediate several cellular functions, including
macrophage clearance of the apoptotic cells, platelet aggregation and cellular differentiation of
natural killer (NK) In particular, MerTK receptors seems to be essential for engulfment and
efferocytosis (Scott Rona S, et al., 2001).

The efficient execution of efferocytosis is a key mechanism in maintaining tissue
homeostasis and also contributes to the initiation of repair processes following an injury (Rigamonti
E, etal., 2014; Wan E, et al., 2013).

The recognition of apoptotic cells themselves, by professional phagocytes, can reinforces
pathways and enhances efferocytic ability through the activation of Peroxisome Proliferator-
Activated Receptor gamma (PPAR-y), PPAR-3 and Liver X Receptor (LXR) followed by the
enhanced CD36 and MerTK expression (Gregory CD, et al.; 2004; McColl A, et al.; 2009) and the
secretion of efferocytic bridge molecules ( A-Gonzalez N, et al., 2009; Mukundan L, et al., 2009;
Roszer T, et al., 2011).

PPAR-y, PPAR-8 and LXR are also up-regulated both during IL-4 signaling (Fernandez-
Boyanapalli RF, et al., 2009), that stimulates TGF-B production, and during the macrophage
differentiation (Mukundan L, et al.; 2009; Roszer T, et al.; 2011); these events culminate in the
suppression of the inflammation.

These observations reinforce the concept of plasticity in macrophage programming, during
the course of the inflammatory response, with the early induction of protective properties and later
development of activities that promote the resolution.

The apoptotic response is associated with liver disease and includes soluble stimuli,
inflammatory cells, resident parenchymal cell and fibrogenic cells. The cellular apoptosis is the first
response to toxic events, following a viral hepatitis, alcohol-induced disease and nonalcoholic
steatohepatitis, and correlates with disease severity and hepatic fibrosis (Natori S, et al., 2001;
Feldstein AE, et al., 2003).

In the liver, the hepatic stellate cells (HSCs), the pericytes of the sinusoids and the kupffer
cells are able to perform efferocytosis (Canbay A, et al., 2003; Jiang JX, et al., 2009) and contribute
to inflammation through the activation of several mechanisms. First, if apoptosis is activated
improperly, it leads to accumulation of the apoptotic cells and to generation of soluble mediators
that elicit the inflammatory response (Patel T, et al., 1998). Alternatively, the apoptosis of the

hepatocyte induces the production of the chemokines, througha mechanism Fas/Fas-ligand-



dependent, that promotethe infiltration of the neutrophilsand stimulate the inflammation (Faouzi A,
et al., 2001).

A consequence of the hepatic inflammation is the activation of HSCs into a myofibroblast—
like phenotype (Maher JJ, et al., 2001) which directly stimulate fibrogenesis (Fadok VA, et al.,
1998; Platt N, et al., 1998).This transitionis responsible of extracellular matrix production within
the injured liver(Friedman SL, 1993).

HSCs express as core machinery to phagocytose the apoptotic bodies the PS receptor, that is
an “‘eat me signal” to stimulate the engulfment (Somersan S, et al., 2001). When the HSCs engulfe
apoptotic bodies, a switch from quiescent cells to myofibroblasts is observed, leading to the
production of TGF-B (profibrogenic cytokine), and collagen alpha I (the major constituent of
cirrotic liver) (Canbay A, et al., 2003). To provoke engulfment, apoptotic cells release into the
extracellular space chemical mediators that serves as chemo-attractant signal to recruit professional
phagocytes to the site of the dying cell. These chemical mediators may function also to recruit
HSC:s to sites of liver injury and promote their activation (Bourd-Boittin K, et al., 2009).

Several studies have linked hepatocyte apoptosis and efferocytosis to liver fibrosis
(Feldestein AE, et al., 2003; Meriden Z, et al., 2010). The hepatocyte apoptosis is generally
mediated by the extrinsic pathway that involves four death receptors, such as the FAS, the tumor
necrosis factor receptor 1 (TNF-R1), the death receptor 4 and 5 (DR4 and DRS5) and their ligands,
Fas ligand (FasL) the TNF-a and the TRAIL (Faubion WA, et al., 1999).

The Fas and TNF-R1activation is associated with hepatocyte apoptosis in a wide variety of
liver disease, including viral hepatitis, nonalcoholic fatty liver disease (NAFLD) and nonalcoholic
steatohepatitis (NASH) (Akazawa Y, et al., 2007). After the engulfment, the professional
phagocytesproducts the death ligands (TNF-a, TRAIL and FasL). In addiction the apoptotic DNA is
recognized by intracellular Toll-Like Receptor 9 (TLR-9), which activates a variety of signaling,
leading to the production ofcytokines, the amplification of the inflammatory responseand the
expression of TAM receptors on the surface of phagocytes (Luke AJ, et al., 2007).

HSCs, juxtaposed to the hepatocytes, directly stimulate the fibrogenesis (Caberoy NB, et al.,
2010; Canbay A, et al., 2003; Lauber K, et al., 2003) being located to the engulfment site(Canbay
A, et al., 2004). In contrast, kupffer cells, the resident macrophages, are located within the sinusoids
and must to migrate into the liver parenchyma for have access to the apoptotic bodies (Canbay A, et
al., 2003).

The HSCs produceand increase the expression of potent pro-fibrogenic cytokines, such as
TGF-B, and of type I collagen through the MAP/PI-3K pathway (Canbay A, et al., 2003) and are

functionally involved in the progression of liver fibrosis (Patin E, et al., 2012).



1.2 TAM RECEPTORs

The TAM receptors are one of 20 subfamilies of RTKs (Robinson DR, et al., 2000) and
include three members, Tyro-3, Axl and MerTK. These receptors are characterized by an
extracellular region containing two immunoglobulin (Ig) related domains, followed by two
fibronectin type III (FN-III) related repeats, a single transmembrane domain and a cytoplasmic

tyrosine kinase moiety, followed by a short C-terminal tail containing a few tyrosine residues

(Fig.1).
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Fig. 1. The structure of TAM receptors.

Generally, these receptors exist as monomers on the cytoplasmic membrane and the binding
of their ligands leads to dimerization and subsequent trans-autophosphorylation of tyrosine residues
(Hubbard SR, et al., 1998). Once the receptor is activated, the tyrosines phosphorylated provide the
docking sites for the downstream signaling components (Sasaki T, et al., 2006).

In many cells, the activation of these RTKs is coupled to the downstream activation such as the
phosphoinositide 3 kinase (PI3K)/AKT pathway, the ERK1/2 Ras and the MAP kinase signaling
(Keating AK, et al 2010; Lijnen HR, et al., 2011; Ou WB, et al., 2011) (Fig. 2 4).

Macrophages, dendritic cells and other sentinel cells of immune system express also
cytokine receptor signaling systems, e.g. the type I interferon receptor (IFNR), that are directly
coupled to TAM receptors and codependent on them. In these cells, the TAM-activated PI3K/AKT
pathway is often dominated by a stronger TAM-activated JAK/STAT inhibitor signaling (Zong C,
et al., 1996; Rothlin CV, et al., 2007; Lemke G, and Rothlin CV, 2008) (Fig. 2 B).

The differential TAM activation of PI3K/AKT versus JAK/STAT signaling may be

important for the different activation of distinctactivities TAM-regulated (Fig.2).
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Figure 2 -A and -B. TAM receptor signaling pathways.

Growth-arrest specific 6 (Gas6), Protein S, Tubby and Tubby-like protein 1 have been
identified as ligands for TAM receptors.

Gas6 is a 75-kDa vitamin K-dependent protein, expressed from endothelial cells (Manfioletti G, et
al., 1993), vascular smooth muscle cells (Nakano T, et al., 1995) and bone marrow (Avanzi GC, et
al., 1997). It is barely produced in the liver, but instead in the heart, kidneys and lungs.

Protein S is a vitamin K-dependent protein, produced by a variety of cells types (e.g. hepatocytes,
endothelial cells, megakariocytes and osteoblasts) (Maillard C, et al., 1992). It is capable of binding
Factor Xa (FXa) and FVa, inhibiting directly the coagulation (Heeb MJ, et al., 1993; Heeb MJ, et
al., 1994).

Gas6 and protein S show high structural homology with an amino-terminal-y-carboxyglutamic
acid (GLA) domain, four epidermal growth factor-like domains and a carboxy-terminal (C-
terminal) region that consists of 2 laminin G repeats (LG1 and LG2) (Fig. 3).

These ligands bindthe phosphatidylserine of apoptotic cells, with their N-terminal GLA domain,
and the MerTK of macrophages (or Axl and Tyro 3 on dendritic cells), with their C-terminal region,
causing the intracellular phosphorilation of the kinase domain (Scott RS, et al., 2001; Todt JC, et
al.; 2004).
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Figure 3. The structure of Gas 6 and Protein S ligands.

The TAM receptors through Gas6 amplifiethe activation of pro-inflammatory endothelial cells
(EC) that leads to the expression of vascular cell adhesion molecule-1 (VCAM-1) and intracellular
adhesion molecule-1 (ICAM-1). Thereby, TAM receptors support the extravasation of the
leucocytes, the inflammation and an adhesion of platelets to endothelial cells (Tiwa M, et al., 2008).

Protein S levels are increased in atherosclerotic vessels. Through the activation of MerTK, the
protein S inhibits the uptake of low density lipoprotein, by the macrophage scavenger receptor,
reducing the formation of foam cells (Liao D,et al., 2009). These mechanisms can explain part of
the recent findings about the SNP mutations in the TAM genes, that are related to the formation of
atherosclerotic plaques (Hurtado B, et al., 2010; Hurtado B, et al., 2011).

In contrast, the signaling of TAM receptors can also inhibit the inflammation through multiple
mechanisms. One of this involved the activation of MerTK that induces the transcription of the anti-
inflammatory suppressor of cytokine signaling protein 1 (SOCS1) and SOCS3, inhibitingthe
cytokine receptors and the TLR signaling (Rothlin CV, et al., 2007; Sun B, et al., 2010). Another
important mechanism is the amplification of efferocytosis and the production of IL-10 and TGFj
(Vandivier RW, et al., 2006).

Recently, two new ligands of TAM receptorshave been described: Tubby which binds specifically
MerTK and Tubby-like protein 1 (TULP1) which interacts with all three RKTs (Caberoy NB, et al.,
2010).

Tubby and TULP1 belong to tubby protein family and are bridge molecules that present a N-
terminal region(MerTK- binding domain, MPD), and a C- terminal region (phagocytosis pre-
binding domain, PPBD) (Carroll et al., 2004). They are able to stimulating macrophage
phagocytosis through the MerTK activation (Finnemann SC, 2003).

Mutations in the MerTK gene or, in general, in the TAM genes, that bring to the complete or
partial impairment of the phagocytosis, promote the accumulation of apoptotic cells and elicit the
pro-inflammatory immune responses. These events can lead to severe states of cellular degeneration
and death, suggesting a role of these receptors to regulate the efferocytosis and to maintain the

tissue and cellular homeostasis (Lu Q, et al., 1999; Lu Q, and Lemke G, 2001).
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1.3 MACROPHAGE POLARIZATION

The macrophages are mononuclear phagocytes, derived from monocytes released from bone
marrow into the circulation, which differentiate intothe tissues. They are recognized as
heterogeneous cells, since they are critical effectors and regulators of the innate and the adaptative
immunity, the systemic metabolism, the angiogenesis, the malignancy and the reproduction (Bolego
C,etal., 2013; Roszer T, et al., 2013; Hume DA, 2008).

They play an important role in the tissue homeostasis and the lesions: promote the initiation
and progression of tissue injury and improve also the tissue remodeling in various diseases from
different etiology (Mantovani A, et al.; 2013; Duffield JS, et al.; 2005).

The macrophage heterogeneity probably reflects the plasticity and the versatility of these
cells in response to the exposure to microenvironmental signals. Differential production of
cytokines is a key feature of polarized macrophages to specific functional programs that are defined
as M1 or M2.

In response to microbial products or interferon-y (IFN-y) these cells are activated as M1
macrophages (or classically activated macrophages). M1 cells are characterized by high ability to
present antigen, to produce pro-inflammatory cytokines (e.g. interleukin-12, IL-12) and Tumor
necrosis factor (TNF), leading to consequent activation of type I polarized response (Thl) (Fig. 4).

In contrast, various signals, e.g. IL-4, IL-13, glucorticoids and IL-10, immunoglobulin
complex/TLR ligands, induce the distinct M2 functions (or alternatively activated macrophages).
M2 cells are able to activate the inflammatory response adaptive Th2, to scavenge the debris, to
promote the angiogenesis, the tissue remodeling and the repair (Mantovani A, et al.; 2004;

Mantovani A, et al., 2002) (Fig. 4).
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Figure 4. Fuctions of M1 and M2 polarized macrophages.
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In agreement with an alternative activation program, the M2 macrophages express also high
levels of scavenger receptor-A (SRA), mannose receptor (MR) (Alalvena et al.; unpublished
observations) andTAM receptors. These receptors contribute collectively to regulate the
phagocytosis and MerTK plays a predominant role in M2 cells and in thymic macrophages. Mice
mutant in Mertk gene were not able to clean efficiently the debris or the apoptotic cells. This
deficiency is attributed to macrophages as demonstrated in vitro (Scott RS, et al.; 2001).

MerTK receptor is not homogenously distributed in the macrophage population, but is
mostly restricted to a subset of M2 macrophages, recently named M2c, that secrete anti-
inflammatory cytokines as IL-10 and TGF-f (Martinez FO, et al.;2008).

M2c polarization is closely associated with the up-regulation of MerTK and is required to
obtain the macrophages highly specialized in the efferocytosis. M2c cells are also able to release
Gas6, that can amplify the secretion of IL-10 in an autocrine manner, via MerTK signaling (Zizzo
G, etal.; 2013).

Interestingly, following the engulfment of apoptotic cells, the macrophages activate the
tolerogenic pathways to prevent immune responses against self antigens (Henson P, and Hume D,
2006; Taylor PR, et al.; 2005). The tolerance is realized through several mechanisms, including the
suppression of inflammatory cytokine production and the release of anti-inflammatory cytokines, as
IL-10 and TGF-B (Fadok VA, et al.;1998; Li M, and Flavell R, 2008). If the phagocytosis or the
tolerogenic pathways are impaired, the chronic accumulation of free apoptotic material can have
pathological consequences (Henson P, and Hume D, 2006; O’Shea J, et al.; 2002). In addition,
TAM receptors, able to suppress the TLR signaling, represent a mechanism by which the
efferocytosis is coupled to immune tolerance (Lemke G, and Rothlin C, 2008; Rothlin CV, et al.,
2007).

Recently, it has been investigated the role of the M2 differentiation in regulating the
inflammation and the fibrogenesis (Smith W, et. al.; 1998; Verreck FA, et al.; 2004; Gordon S,
2003). The factors that control these processes are still to understand (Gordon S, 2003).

Zizzo and collegues have performed the first systematic study about the effects ofcytokines
and growth factors on human macrophagesphenotype, on MerTK expression and on Gas6secretion.
They found that the levels of MerTK and Gas6 followed the expression pattern of CD16 and
CD163, molecules identifiable as specific M2¢ markers (Zizzo G, et al.; 2012).

In addition, M2 cells show also pro-tumoral functions, by promoting the tumor cell survival,
proliferation and dissemination (Mantovani A, et al., 2002; Pollard JW, 2004; Talmadge JE, 2007).
These cells are preferentially localizedin the poorly vascularized regions of tumors (Lewis CE, et
al.; 2006; Leek RD, 2002) where the environment promotes their metabolic adaptation to hypoxia
through the activation of hypoxia-inducible factor 1 (HIF-1) and 2 (HIF-2) (Leek RD, 2002).



M2 cells, producing also IL-10 and TGF-p, contribute to general suppression of anti-tumour
activities. Moreover, the cross-talk between the macrophages and the neoplastic cells ensures the
continuous process ofdeposition and remodelingof extracellular matrix, which facilitates tumor
growth and invasion of the surrounding tissue.

Furthermore, the M2 macrophages enhance the tumor initiation andthe metastasis
progression(Liu C, et al., 2013), while the M1infiltration is associated with the tumor regression
and a favorable outcome of survival (Cook RS, et al., 2013; Helm O, et al., 2014; Maeda R, et al.,
2014).

Recentlyhas been demonstrated that the overexpression of MERTK in epithelial cancer cells
results in increased motility and chemoresistance with a strong gain of function and ability in
efferocytosis. In the same model, the overexpression of MERTK induces Programmed death-ligand
1 (PD-L1) and PD-L2 expression, a known blockade of immune checkpoint in cancer, which could
alter the immune balance for tolerance and progression (Khanh-Quynh N, et al., 2014).

Since the efferocytosis MERTK-mediated, tends to release factors able to promote tissue
remodeling and immune system suppression, it is possible that cancer cells adopt “MERTK
enhanced efferocytosis™ as a strategy for the tumor tolerance ((Khanh-Quynh N, et al., 2014).

1.4 LIVER FIBROSIS

Liver fibrosis is a main feature of the chronic liver injury and is characterized by the
conversion of the “normal low-density basement membrane-like matrix” to the “high-density
interstitial type matrix”, containing fibrils that form collagen. The extensive liver fibrosis derives
from the deposition and the accumulation of type I collagen and is recognized as cirrhosis (Dan L,
et al.; 1999).

Liver fibrosis is reversible, whereas cirrhosis is generally irreversible. The clinical
complications of cirrhosis include the portal hypertension and the chronic liver failure.

Normal liver contains epithelial cells (hepatocytes), tissue macrophages (Kupper Cells)
and perivascular mesenchymal cells (HSCs). HSCs are organized within the sinusoid, with the
sub-endothelial space of Disse that separates the epithelium from the sinusoidal endothelium. In
normal liver this space contains a “basement membrane-like matrix” (Fig.5) (Scott L, Friedman,
200).

When liver becomes fibrotic, the composition of hepatic ECM is modified, both
qualitatively and quantitatively. The collagen and non collagenous components increases 3-5 fold,
accompanied by the shift in the type of ECM in the sub-endothelial space, that becomes an
“interstitial type matrix containing collagens” (Fig.5) (Scott L. Friedman, 200).
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Figure 5.Phenotypic features of the sinusoidal endothelium in the normal liver and during

the liver injury.

The HSCs are the key fibrogenic cells in injured liver and have been identified as

important effectors in the hepatic inflammation (Bataller R. et al.; 2005).
Quiescent HSCs are primary cells in the body responsible for the storage of the vitamin A
(Bataller R, et al., 2004; Bataller R. et al.; 2005). Upon activation by liver injury, the quiescent
HSCs trans-differentiate into myofibroblasts, which produce inflammatory cytokines and secrete
collagen types I and III, the main proteinsof the matrix, responsible for the development of liver
fibrosis and cirrhosis (Friedman S.L. 2000).

Reactive oxygen species (ROS), EIIIA isoform of fibronectin, produced by endothelial
cells, and other paracrine stimuli generated from platelets (PDGF, TGF-p and EGF) are implicated
in the initiation phase of the HSCs activation (Eng and Friedman, 2000). Additionally, during this
phase, the endothelial cells convert the latent TGF-B to the active fibrogenic form, through the
activation of plasmin (Friedman S.L. et al.; 1999).

TGF-p, seems to play a dominant role in fibrogenesis, participating in the multiple phases
of the HSCs activation (Blobe GC, et al.; 2000; Dooley S, et al.; 2001; George J, et al.; 1999).
This cytokine is a strong fibrogenic signal (Friedman SL, 2000; Friedman SL, 1999) and induces
collagen I, a major constituent of the cirrhotic scar (Canbay A, et al.; 2003).

The hepatocytes also promote the activation of HSCs by producing lipid peroxidesthat
increase the proliferation of HSCs and the synthesis of the collagen I (Gressner AM, 1995).

The hepatocytes represent the primary source of the apoptotic bodies, characteristic of the

liver injury (Rust C. et al., 2000). The apoptotic cells are subsequently cleared not only by
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professional phagocytes but also by HSCs (Platt et al.; 1998). When the HSCs engulfs the
apoptotic bodies, they are activated and generate directly fibrogenicstimuli.

After the initiation, the activated HSCs, undergo a series of the phenotypic changes, that
lead to accumulation of extracellular matrix.

The perpetuation of HSCs activation involves key phenotypic responses, mediated by the
cytokines and byECM remodeling (Friedman S.L. et al.; 1999).

The enhanced cytokine response occurs through multiple mechanisms; among these, increased
expression of cell membrane receptors and enhanced signaling are specially important (Pinzani M.
et al.; 1998).In particular,RTKs, which mediate many of the responses of HSCs to cytokines, are
up-regulated during liver injury (Ankoma-Sey V, et al:, 1998; Ankoma-Sey V, et al:,1998).

During this phase, the continuous ECM remodeling, underlies all cellular responses that
characterize the progressive liver injury. The low density subendothelial matrix is progressively
replaced by a rich in collagen fibril form (Scott L et al.; 2000) which accelerates the activation of
HSCs. These effects are mediated not only through interaction with the integrins, the classic
receptors of ECM, but also through binding at least to one RTK.

The phenotypic response of HSCs, after liver injury, includes: proliferation, contractility,
activation of the fibrogenesis, chemotaxis, matrix degradation, loss of retinoid, release of
cytokines and leucocytes chemoattraction.

The HSCs proliferation is induced by platelet-derivated growth factor (PDGF) and is
associated with both increased of the autocrine PDGF production and up-regulation of PDGF
receptor (PDGFR) (Pinzani M, et al.; 1998). The activated PDGFR recruits the signaling molecule
Ras and actives ETK/mitogen-activated protein kinase pathway (Marra F, et al.; 1997).

The contractility, property of activated HSCs, is induced by the endothelin-1 (ET-1), which
is in part derived by an autocrine mechanism and represents an important mechanism for the
increased of the portal resistance during liver injury (Rochey DC, 1997; Rockey DC, et al.; 1998).

The fibrogenesis is characterized by ECM production from HSCs and is mediated by the
TGF-B. This cytokine has an important role in perpetuating rather than in initiating the activation
of the HSCs (Hellerbrand C, et al.; 1999).

The chemotaxis, the directed migration of the HSCs activated,increasestheir accumulation
in the areas damaged.The PDGF and the monocyte chemotactic protein-1 (MCP-1) have been
identified as the chemoattractants for the HSCs activated but not for those quiescent (Marra F, et
al.; 1997; Marra F, et al.; 1999).

The matrix degradation is a result of the change in matrix proteases activity, that leads to
remodeling of the ECM in liver injury, acceleratingtheHSCs activation. In particular, the HSCs
are a key source of the matrix metalloproteinase-2 (MMP-2) and the stromelysin/ MMP3. These

cells activated up-regulate also the tissue inhibitor of metalloproteinase -1 and -2 (TIMP-1 and -2)

16



and inhibit the activity of interstitial collagenases, favoring the scaraccumulation (Arthur MJ,
1995).

The loss of retinoid is a feature of the activation of the HSCs, but remains unknown
whether the loss of the intracellular vitamin A is required to activate the HSCs and whether the
retinoids might accelerate or prevent the their activation.

Finally, the cytokines release and the leucocyte chemoattraction are critical for the
perpetuation of HSCs activation. All features of HSCs activation can be attributed to autocrine
cytokines (Friedman SL, 1999) and the liver ECM represent an important reservoir of growth
factors. The HSCs can also amplify the inflammation through the release of chemoattractants for
neutrophil and monocyte (e.g. MCP-1) (Marra F, etal.; 1998).

The chronic hepatic inflammation, that leads to fibrosis, occurs in response to a variety of
insults that include viral hepatitis, alcohol and drugs consumption, non alcoholic steatohepatitis
and metabolic disease due to overload of iron or copper. The complications of fibrosis and its

progression includes cirrhosis and HCC.



1.4.1 PROGRESSION OF LIVER DISEASE IN CHRONIC HEPATITIS C

Chronic Hepatitis C (CHC) is the most common cause of chronic liver disease and
cirrhosis and the most common indication for liver transplantation in the United States (U.S.),
Australia, and most of Europe (Wasley A, et al., 2000; Alter MJ, et al., 1997; Charlton M, et al.
2001). The prevalence of CHC is estimated at 3% (World Health Organization. 2000) and only a
minority of those infected spontaneously clears the virus.

Most of the HCV infections (70-80%) persist and about 30% of these individuals develop
chronic liver disease (Micallef JM, et al., 2006) including cirrhosis (Seef LB, 2002) which is a
prerequisite for hepatocellular carcinoma (HCC) development (Hoofnagle JH, et al., 2002;
Thomas DL, et al., 2005). Factors related both to virus and to host have been associated with the
differences in HCV clearance or persistence.

Current standard of care therapy for CHC is the polyethylene glycol (PEG)ylated
interferon a and ribavirin (PEG-IFN-0/RBV) (Di Bisceglie, AM, et al., 2002).

The Hepatitis C Virus (HCV) is an RNA-virus that belongs to Flaviviridaefamily. Its
genome consists of 10 kb and includes the 5’untranslated region, four structural proteins (core,
envelope protein 1, E1 and E2) , six nonstructural proteins (NS2, NS3, NS4A, NS4B, NS5A and
NS5B), and a 3’-untranslated region. This genome is initially translated into one single
polyprotein and subsequently cleaved into the functional proteins (Moradppour D, et al., 2004).

The HCV enters into hepatocytes via interactions between the envelope viral proteins (E1
and E2) and the host cell receptors, such as CD81, scavenger receptor class Bl and the tight
junction proteins (Liu S, et al., 2009; Pileri P, et al., 1998; Scarselli E, et al., 2002). Whereas HCV
replicates in the cytoplasm of hepatocytes, it is not directly cytopathic, but he persistent infection
and the rapid production of virus activates a vigorous T-cell immune response. In particular, the
destruction of the infected hepatocytes and the viral clearance are mediated by distinct T-cell
populations (Neurmann-Haefelin C, et al., 2005).

When CD8" cells are activated, at first, fail to produce interferon-y (IFN-y); so this phase is
characterized by a small reduction of viremia. Subsequently, the CD8'T cells switched to produce
IFN v and, in the same time, the number of CD4 T cells increased and the viremia decreased of 5-
log(Herz K, et al., 2007).

This evidences suggest that hepatocytes destruction, disease pathogenesis and viral
clearance are mediated by different effector mechanisms (Herz K, et al., 2007).

Furthermore the death receptors, apoptosismediators, play a critical role in the liver injury
associated to HCV. In particular, CD95/CD95L system seems to play the most important
pathogenic role (Hayashi N, et al., 1999). The up-regulation of CD95 in hepatocytes (Hiramatsu



N, et al., 1994), as well as the induction of CD95-L expression in T lymphocytes, (Mita E, et al.,
1994) have been correlated with the severity of the inflammation.

The hepatocytes destruction and their apoptosis are prominent features of the HCV
infection. The apoptosis acts together with the immune response to clear host infected cells and
plays an important role in cells elimination that undergo uncontrolled cellular proliferation and in
preventing viral replication (Nerz K, et al., 2007).

In addition to the activation of the inflammatory response, HCV can modulate the
metabolism of the infected hepatocytes. The mechanism by which virus acts to induce
derangement of the lipid metabolism involves the core, NS3 and NS5A viral proteins (Lerat H, et
al., 2002; Perlemuter G, et al., 2002; Moriya K, et al., 1997). These viral proteins are also able to
modulate the hepatocyte apoptosis favoring hepatocarcinogenesis (Gong G, et al., 2001; Arima N,
etal., 2001).

The core protein is associated with the lipid droplets in the cytoplasm of hepatocyte but it
is also present in the mitochondria and the nuclei (Moriya K, et al., 1998; Moriya K, et al., 1997)
and it acts differently depending on the presence or absence of inflammatory condition.

The core protein activity, under inflammation, contribute to oxidative stress condition that
alters the scavenger system impairing the elimination of damaged cells (Moriya K, et al., 2001);
so the amplification of inflammatory response and the progression of chronic disease is observed.

Alternately, the core protein is able to increase the production of oxidative stress with
consequent over-production of ROS in absence of the inflammatory conditions (Moriya K, et al.,
2001; Moriya K, et al., 2001). This event results in mitochondrial DNA delection indicating
genetic damage.

HCV can also induce liver fibrosis independently from inflammation: it has been
demonstrated that uptake of HCV by HSC, via specific receptors, could play a role in fibrogenesis
through the modulation of profibrogenic signaling.

It was been demonstrated that, in the hepatocytes infected, the induction of ROS by viral
proteins NS3 and NS5B, up-regulates TGF-f production (Gong G, et al., 2001; Arima N, et al.,
2001). Indeed, these viral proteins interact with the mitochondria and induce lipid accumulation
and degradation, with consequent compartimentalizationand metabolism derangement, resulting in
the production of ROS (De Bleser PJ, et al., 1999). ROS induce TGF-$ production (Garcia-
Trevijano ER, et al., 1999) andthe same TGF-f amplifies theirproduction (Moriya K, et al., 2001;
De Bleser PJ, et al., 1999; Pociask DA, et al., 2004; Scuppan D, et al., 2003).

TGFp acts as a potent inducer of ECMaccumulation, activating the quiescent HSCs to
myofibroblasts (Cassiman D, et al., 2002). These cells up-regulate the synthesis of interstitial
collagens and down-regulate the MMP (Gressner AM, et al., 2002).



In addition, viral proteins stimulate the synthesis of mediators profibrogenic and induce the
activation of p38, MAPK, JNK, ERK and NF-kappa B pathway (Lin W, etal., 2010).

In particular, NS5A is involved in PI3K/AKT and B-catenin/WNT activation pathways and
in the escape from apoptosis through caspase -3 inhibition (Street A, et al., 2005).

The core protein is able to suppress SOCS-1, a tumor suppressor gene, induce the
generation of ROS and transactivate MAPK and AP1 pathways. The activation of the MAPK
pathway, in combination with the oxidative stress, contributes to give an advantage to hepatocytes
for cell proliferation and hepatocarcinogenesis (Koike K. 2006).

The core protein inhibits also the immune responses through NF-kappa B activation (Joo
M, et al., 2005), whereas the activation of JNK pathway generates the inflammatory hepatic
microenviroment that supports HCC development (Hui L, et al., 2008).

The viral proteins subvert also the signaling of the innate immune, through the inhibition
of natural killer cells and the impairment of the antigen-presenting cells (Li XD, et al., 2005;
Tacke RS, et al., 2011).

Thus, the core protein and other viral proteins are capable to induce the overproduction of
oxidative stress in the absence of inflammation and can contribute also to the
hepatocarcinogenesis during the HCV infection.

In CHC another source of the over-production of oxidative stress is the hepatic steatosis
(Moriya K, et al., 2001; Shintani Y, et al., 2004; Koike K, et al., 2005).

The mechanism of the HCV associated steatosis shares similarities with that involved in
NAFLD and requires “two hit” for its progression (Day CP. 2002; Day CP, et al.,1998).

The alteration of the double membrane structure within mitochondria, mediated from core
protein, causes an impairment of the lipid oxidation and acts as the “first hit” for the development
of steatosis. Indeed, the core protein, that has as target the microsomal triglyceride transfer protein
(MTP), interferes with the assembly and the secretion of the apolipoprotein (apo) B, containing
very low density lipoprotein (VLDL) (Perlemuter G, et al., 2002).More recently, it was been
shown that the core protein may induces the oxidative stress directly acting on the mitochondrial
electron transport (Okuda M, et al., 2002).

The activation of antiviral inflammatory responses represents the “second hit” in CHC for
the progression from steatosis to fibrosis. (Moriya k, et al., 1998).

The antiviral inflammatory responses represents a source of free radicals, as well as of pro-
inflammatory and profibrotic cytokines. In support of this, it was been demonstrated that the
degree of sinusoidal fibrosis, in additional to the steatosis, correlates with the severity of both
portal and lobular inflammation (Clouston AD, et al., 2001).

Thus, the induction of oxidative stress, mediated by HCV, and its role in fibrosis,

represents the major mechanism for the progression of the hepatic disease and for the
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development of HCC, driven from cirrhosis, in patients with CHC (Yoshida H, et al., 1999;
Fattovich G, et al., 2004).
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1.4.2 PROGRESSION OF LIVER DISEASE IN CHRONIC HEPATITIS B

Chronic infection with hepatitis B virus (HBV) affects about 400 million people and
is estimated that worldwide over 200,000 and 300,000 chronic HBV carriers die each year
respectively from cirrhosis and HCC (EASL 2003; Perez JF, et al., 2006).

HBYV, an encapsulated virus, belongs to hepadnaviridae family and show preferential
tropism for hepatocytes, where replicates through an RNA intermediate. This virus has a
circular partially double stranded DNA genome of approximately 3.2 kb pairs (Summers J, et
al., 1982).

The genome contains four open reading frames (ORFs) that cover the entire genome:
pre-S/S ORF encodes three viral surface proteins; pre-C/C ORF encodes the antigen “e”
(HBeAg) and the antigen “core” (HBcAg); P ORF encodes the terminal protein (TP) and the
viral polymerase, that has DNA polymerase, reverse transcriptase and of RNaseH activities.
The X gene encodes a small protein essential for virus replication. Finally, HBSP is a viral
protein that is encoded by a spliced viral transcript but its function is unknown (Soussan P, et
al., 2000).

The natural history of chronic infection by virus B (CHB) involves four key phases,
that are defined based upon the combination of the serum markers (Hadziyannis SJ. 2011).

When HBYV infects host cells, estabilishes an acute infection that can become chronic
depending on the age and the modes of transmission.

The acute infection becomes chronic if HBV, that is infecting, is wild type in precore region
and is able to produce HBeAg. However the expression of HBe protein requires the host
immune tolerance against HBV(Cote PJ, et al.,2000; Hadziyannis SJ, et al., 2001).

Once HBV infection has become chronic, the subsequent course consists of four variable
duration phases depending on a balance between viral parameters and immune host response
(Ganem D, et al., 2004).

The first two phases are associated with HBeAg seropositivity, while the other two are
characterized by the clearance of HBeAg and the development of anti-HBe immunity (Milich
DR. 1989; Milich DR. 1991).

However, a subgroup of patients that undergo seroconversion to anti-HBe antibodies and
becomes HBeAg-negative, are characterized by periodic reactivation. This event is associated
with fluctuating levels of alanine aminotransferase (ALT), HBV DNA positivity and an active
hepatitis with variable fibrosisdegree. By contrast, loss of HBsAg during the second phase is
associated with a favorable prognosis, although the incidence of HCC remains higher respect to

not infected population (Paterlini P, et al., 1991).

22



Hepatocytes apoptosis is feature of HBV infection and cytotoxic lymphocytes T (CTLs)
exert an important role in the pathogenesis of disease. Indeed, CTLs activate simultaneously
the death receptor CD95 and the perforin pathways, the principal responsible for the killing and
damagecellular, in absence of HBsAg retention.

In contrast, the IFNy pathways are primarily responsible for killing of hepatocytes with
HBsAg retention independently of presence or absence of CD95 receptor or perforin signaling
(Herzer K et al., 2007).

The most of HCC develop in cirrhotic livers, whereas a significant fraction of liver cancers,
HBV-related, occur in absence of liver cirrhosis. The low rate of cirrhosis can be explained
with the ability of HBV to integrate into the host genome and to play, potentially, a direct
carcinogenic activity.

The integration of viral DNA causes the alteration of human genome, leading to mutations
of genes implicate in cell proliferation, migration, differentiation and survival (KM; Sze, et al.,
2013;WK, Sung et al., 2012; Y, Tao et al., 2011). Indeed, it was been shown that HCC, induced
by HBV, displays also higher rates of chromosomal alterations (Marchio A, et al., 2000) and
implies also a complex interaction between viral and host factors.

HBsAg is able to compromise hepatocellular function (Chisari FV, et al., 1995) through its
accumulation in the endoplasmic reticulum (ER) and the formation of hepatocytes to “ground-
glass”(Pasquinelli C, et AL., 1992).

HBsAg can also play a direct role in HCC development: accumulating in ER, can induce
oxidative stress, which cause DNA damage and alterations of pathways related to cell death
mechanisms, survival, proliferation, invasion, and apoptosis(Pasquinelli C, et AL., 1992).

HBx is a viral protein present at high concentrations in the cytoplasm and at low
concentrations in the nucleus. At cytoplasmatic level activate apoptosis through localizing in
mitochondria, or stimulate HBV replication through localizing in the nucleus (Keasler VV, et
al., 2009). This protein can also induce apoptosis by promoting ROS generation, activating
caspasi 8 and removing the mitochondrial membrane potential. In addition, HBx induce
apoptosis up-regulating Fas-Ligand (Fas-L) (RX, Tang, et al., 2012) and interacting with
Bcl2/CED-9 signaling (X, Geng, et al., 2012).

The chronic inflammation status plays an important role in HCC development: cycles of
cellular inflammation, that induce apoptosis, and regeneration of the hepatocytes, increase the
risk of HCC. Cytokines, such as interleukin 6 (IL-6) TNF-a and TGF-p, play an important role
in this contest.

In the early stage of disease, TGF-B promotes cirrhosis progression by accelerating the
deposition of the extracellular matrix (Matsuzaki K, et al., 2009), whereas, when cancer occurs,

its persistent up-regulation accelerates the neoplastic growth (Rossmanith W, et al., 2001).
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Finally, the epigenetic changes contribute to hepatocarcinogenesis through the interaction of
the HBx protein with molecular factors that mediate the phosphorylation or the methylation of
the cellulartargets (E, Khattan, et al., 2012; Y, Huang, et al., 2013). In particular, HBx induce
hypermethylation of tumor suppression genes and interact with the histone acetyltransferase or

methyltransferase (Y, Tian, et al., 2013).
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1.4.3 PROGRESSION OF LIVER DISEASE IN NON ALCOHOLIC FATTY LIVER
DISEASE

Nonalcoholic Fatty Liver Disease (NAFLD) is characterized by excessive accumulation of

triglyceride within the liver and comprises a large spectrum of disease, including hepatic steatosis
and non-alcoholic steatohepatitis (NASH), which can progress to the cirrhosis and its
complications, like the hepatic failure and the HCC (Ong JP, et al., 2007).
It was been proposed the “two hit hypothesis” to explain the molecular mechanism for the disease
progression from NAFLD to NASH. According with this hypothesis, the “first hit” is the
accumulation of lipids into the hepatocytes, that results in the simple steatosis; whereas the “second
hit” is caused by the oxidative stress and subsequent necro-inflammation, that leads to the NASH
(Day CP, et al., 1998; Day CP, et al., 1998). However, kupffer cells and HSCs contribute to
progression from the simple steatosis to the NASH (De Minicis S, et al., 2011).

The free fatty acids (FFAs) play a crucial role in the direct promotion of liver injury. Indeed,

insulin resistance, associated with obesity, metabolic syndrome and diabetes, leads to increased
release of the FFAs from the adipocytes and their increased influx in the liver, where FFAs undergo
B-oxidation or are esterified with glycerol to form the triglycerides. The accumulation of
triglycerides in the hepatocytes increases the oxidative stress that activates the inflammatory
pathways (Feldestein AE, et al., 2004). Additionally, the oxidative stress inhibits the replication of
mature hepatocytes, resulting in the inadequate expansion of the hepatic progenitor cell population,
(Roskams T, et al., 2003) and induces an excessive death of the hepatocytes (Jou J, et al., 2008).
The cytotoxic products from lipid peroxidation, that impaire the cellular functions of the
hepatocytes, activate also apoptotic mechanisms that, if on one hand represent an essential process
to resolvethe inflammation, on the other hand play a role in fibrogenesis by modulating the HSCs
activation and collagen expression (Ikejima K, et al., 2007; Ahima RS, et al., 2008).

Moreover, NASH has been proposed as a probable cause of the idiopathic or cryptic
cirrhosis (CC) (Bugianesi E, et al., 2002; Caldwell SH, et al., 1999; Poonawala A, et al., 2000) that
can progress, although rarelyandslowly, to HCC (Bugianesi E, et al., 2002; Marrero JA, et al., 2002;
Regimbeau JM, et al., 2004).

The exact mechanism that regulates the development of HCC in NASH patients is not clear.
Obesity and diabetes are the risk factors for the development of NASH and CC and they have been
implicated in the hepatocarcinogenesis (Bugianesi E. 2007).

Different factors are implicated in the progression of disease from NASH to the HCC, as the insulin

resistence, the ROS production, the oxidative stress and the inflammation.
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The insulin resistence and the resulting hyperinsulinemia up-regulates the production of the nsulin-
like growth factor-1 (IGF-1) that stimulates the growth through cellular proliferation and
apoptosisinhibition of the hepatocytes (Page JM, et al., 2009).

ROS production, that is increased in the mitochondria of the steatotic hepatocytes, is implicated in
the hyperplasia (Bugianesi E, 2007; Yang S, et al., 2000) that generally precedes the tumorigenesis
for many years (Buginesi E, 2007).

Cancer developmentis supported by oxidative stress through the induction of tumorigenic
mutations e.g. in the gene p53 (Hu W, et al., 2002), and in the patients with NASH can also be
mediated by increased inflammatory cytokines release and NF-kB activation (Luedde T, et al.,
2007). NF-kB activates a chronic cycle of injury, which goes from cellular death to regeneration,
and that contributes to hepatocarcinogenesis (Luedde T, et al., 2007).

Finally, c-Jun amino-terminal kinase 1 (JNK1), activated by TNF-a and ROS, was recently been
linked to NASH and HCC by increasing of hepatic inflammation and apoptosis (Puri P, et al.,
2008).
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1.4.4 HEPATOCELLULAR CARCINOMA (HCC)

Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and
the third cause of cancer mortality (Shariff MI, et al., 2009).

It is related to the inflammation and liver fibrosis status (Seitz HK, et al., 2006) but,
specifically, the chronic inflammatory state appears to be necessary for its initiation and
development.

Several studies reported that viral chronic infections are the major risk factors for the
development of liver tumor but other risk factors, including alcoholic cirrhosis (1,7%) (Fattovich
G, et al, 2004), nonalcoholic steatohepatitis (2,6%) (Ascha MS, et al., 2010) and
hemochromatosis (Kris VK, et al., 2004) are known.

The development and progression of HCC is a multistep process. A chronic insult, e.g.
HCV, HBYV or free fatty acids, induces liver injury through ROS production, ER stress, necrosis
and hepatocytes death.

In particular, HCV acts through the activation of immune inflammatory response that
promotes the neoplastic transformation.

HBYV, instead, can integrate into the host genome and promote directly the
hepatocarcinogenesis through a sustained inflammatory damage, regeneration of hepatocytes,
alteration of DNA repair mechanisms, direct oncogenic transformation and transactivation of
several viral oncoproteins as HBx.

The hepatic response involves the HSCsand macrophages activation: the first, produce
ECM components and growth factors, while the second promote the migration of endothelial
cells, angiogenesis and fibrosis. These processes, in the context of inflammation and oxidative
damage to DNA, favoring the mutations accumulation and epigenetic aberrations in the pre-
neoplastic hepatocytes and in the liver stem cells, promote the development of dysplastic nodules
and their malignant transformation (Seitz HK, et al., 2006).

The stromal liver components, such as the angiogenic cells, the endothelial cell, the HSCs,
the carcinoma-associated fibroblastic cells (CAFs) and the immune cells, contribute to
development of cancer in several manners: sustaining the proliferative signaling, evading the
growth suppressors, resisting the cell death, enabling the replicative immortality, inducing the
angiogenesis, activating the invasion and the metastasis, reprogramming the energy metabolism
and evading the immune response ( Hanahan D, et al., 2012).

The angiogenesis plays an important role in early stages of cancer development (Zhu AX,
et al., 2011): the tumor massgrowth creates an environment deprived of nutrient and oxygen and
induces the activation and the proliferation of endothelial cells (ECs) to generate new vessels

from preexisting ones (North S, et al., 2005).
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The ECs liberate enzymes to disrupt the membrane basement and migrate to their final
location where they form new vessels together with the ECM. In particular, ECM is involved in
vessel lumen formation, in tubulogenesis and deposition of a supportive membrane basement
(Coulon S, et al., 2011).

The ECM, normally, is essential to support the liver architecture (Lu P, et al., 2012) but, in
the hepatic disease, the activity of remodeling enzymes is deregulated; this leads to a fibrotic
microenvironment, characterized by increased of stiffness and by abundance of growth factors
that contribute to tumorigenesis (Lu P, et al., 2012) and directly affect the epithelial cells with
consequent cellular transformation and metastasis.

Inflammation predisposes at the beginning of cancer and several inflammatory mediators
have been implicated. In particular, the TH2 inflammatory response is associated with HCC
phenotype more aggressive and metastatic (Budhu A, et al., 2006; Budhu A et al., 2006).

High levels of IL-6 and IL-22, that are produced by kuppfer cells in response to hepatocyte
damage, have been detected in tumoral microenvironment. These cytokines lead to tumor
growth, apoptosis inhibition, and metastasis promotion through the Signal Transducer and
Activator of Transcription 3 (STAT3) activation (Tilg H, et al., 1992; Jiang R, et al., 2011). IL-6
exerts also its oncogenic activity by triggering downstream ERK pathways, which controls target
genes involved in both cell proliferation and survival (Maeda S, et al., 2005).

The TNF-a is strongly involved in HCC pathogenesis by promoting invasion, angiogenesis
and metastasis (Lewis CE, et al., 2006) and by activating the phosphorylation of p38, MAPK,
ERK and by IL-8 production (Wang Y, et al., 2012). TNF-a stimulates also the activation of
CAFs, dominants cells in tumoral inflammatory environment.

The IL-10 is the most important immunosuppressive cytokine that, together with TNF-a,
reduces the CD8" cells activity and supports the tumor immune escape (Kuang DM, et al., 2009;
Ke W, et al., 2009). It is also involved in the induction of Forkhead Box P3 (FOXP3") that
regulates T cell differentiation. FOXP3" suppresses the activity of the effector T cells and is
associated with aggressive HCC (Zhou J, et al., 2009).

The chemokines are critical in the chemotactic and trafficking cell into and out from the
tumor microenvironment and have been implicated in immune system evasion, angiogenesis,
invasion and dissemination (Roussos ET, et al., 2011).

NF-kB, which plays a key role in HCC development, is activated in epithelial cells and
macrophages from pro-inflammatory stimuli, such as hepatitis virus (Kim HR, et al., 2010;) and
free fatty acids (Shi H, et al., 2006). Activated NF-kB induces the growth and the survival of
malignant hepatocytes through the release of the inflammatory cytokines, such as IL-1a.

The immune system plays an crucial role in the development of HCC and the tumor-

associated macrophages (TAMs) are a major component of leukocyte infiltrate.
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TAMs establish a crosstalk between tumor and stromal cells (Mantovani A, et al., 2011)
and their recruitment leads to secretion of soluble mediators, which support the tumor cell
survival, proliferation and dissemination.

In the tumoral microenvironment, TAMs are mainly polarized in M2 phenotype and PGE2,
TGF-B, IL-6 and IL-10 are the factors that promote this polarization (Mantovani A, et al., 2005;
Chomarat P, et al., 2005).

In addition these cells produce immunosuppressive cytokines like IL-10 and TGF-f3 and
molecules, such as EGF, VEGF, PDGF that directly affect tumor cell proliferation and
connective tissue dissolution (Lewis CE, et al., 1995).

The M2polarized macrophage functions, expressed during the development of tumor have
an important impact on its progression (Mantovani A, et al., 2002). The major regulators of their
transcriptional programs are NF-kB, STAT-3 and p50, that concur to establish the permissive
conditions for tumor progression (Sica a, et al., 2007).

In addition, TAMs up-regulate the expression of CXCL8 receptor and accumulate
preferentially in the poorly vascularized regions of the tumor. These regions, where the TAMs
activate the pro-angiogenic program with consequent expression of VEGF through a mechanism
mediated by HIF are characterized by low oxygen tension (Talks KL, et al., 2000; Pollard JW,
2004; Knowles HJ, et al., 2007).

TAMs produce also the enzymes and the inhibitors involved in the extracellular matrix
digestion, and are able to release several matrix metalloproteases (MMP2, MMP9) and activators
of MMPs, favoring the tumor invasion.

Finally, TAMs suppress the adaptative anti-tumor immune responses through the release of
IL-10, prostaglandins, TGB-f and indoleamine dioxigenase (IDO) metabolites (Mantovani A, et
al., 2002). In addition, various cytokines, e.g. IL-6 and IL-10, present in tumor environment
contribute to promotes the differentiation of monocytes into mature macrophages and blocks

their differentiation into dendritic cells (DC) (Allavena P, et al., 2000).
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1.5 OUTLINE OF THESIS

Mer tyrosine kinase (MerTK) is a major macrophage receptor involved in the
clearance of apoptotic cells and is expressed principally in a subpopulation of macrophages
defined M2. The M2 cells, together with the M1, belong to Tumor Associated Macrophages
(TAMs) and are one of the most important players in inflammation and cancer, being also a
major source of cytokines (Mantovani A, et al., 2008). Most of the TAMs that are involved in
promoting the tumor, angiogenesis and tissue remodeling have a M2 phenotype (Sica A, et al.,
2008).

MerTK is encoded from MERTK gene, located on the chromosome 2 and is involved
mainly in efferocytosis, but can also stimulate the fibrogenesis acting directly on the
HSCs(Fadok VA, et al., 1998; Platt N, et al., 1998).

Genome wide Association (GWA) study reported that the single nucleotide polymorphism
(SNP) of MERTK (rs4374383) is associated with the risk of developing fibrosis in patients with
CHC(Patin E. et al., 2012). It seems that the state polymorphic of the MERTK gene (rs4374383
G> A) may play a key role not only in the control of apoptosis, in the epithelial-mesenchymal
transition of the HSCs and in the immune response, but also in the mechanisms involved in
fibrosis progression and carcinogenesis.

On the basis of this results, we investigated if the MERTK gene and the variant rs4374383
(G> A) can influence the risk of progression of the liver disease, in patients with chronic
infection from the hepatitis viruses (C and B) or with nonalcoholic steatohepatitis (NASH).

Specifically, in chapter 2, we evaluated if the rs4374383 SNP influences the risk of liver
decompensation (LD) and HCC in patients with HCV cirrhosis,treated with Peg-interferon alfa-
2b and ribavirin.

In chapter 3 we assessed the potential association between the rs 4374383 SNP in
the MERTK gene and the risk of the development of HCC in a cohort of HBV patients with
active HBV replication and in a sub cohort of them who achieved a virological suppression on
long term NUCs treatment.

Finally, in chapter 4, we evaluated if thers4374383 SNP of the MERTK gene was
associated with the severity of liver fibrosis and histological features in two combined cohorts of
533 patients with NAFLD. We also investigated if the MERTK gene is expressed in human HSC

and in murine models of fibrogenesis.
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CHAPTER 2
A rs4374383 Single Nucleotide Polymorphisms of MERTK gene is linked
to a higher likelihood of hepatocellular carcinoma in patients with HCV

cirrhosis
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Background and aims: MERTE gene, located in chromosome
2, encode factors involved in phagocytosis of apoptotic cells by
macrophages, We evaluated if rs4374383 SNP influenced the risk
of liver decompensation (LD) and hepatocellular carcinoma (HCC)
in patients with HCV cirrhosis

Methods: We evaluated a prospective cohort of patients with
compensated HCV cirrhosis treated with Peg-interferon and riba-
virin. Genotyping for rs4374383 SNP was carried out using the
TagMan SNP genotyping allelic discrimination method (Applied
Biosystems, Foster City, CA, USA), All patients were screened for
esophageal varices (EV) and underwent to surveillance for HCC
every six months,

Results: Among 349 patients (mean age 58 + 8.6 years, 61.2%
men, 85% genotype 1); 16.9% had AA genotype, 46.4% GA and
36.9% GG of rs4374383 SNP; 507% had EV, Eighty-seven patients
(24.9%) achieved a Sustained Virological Response (SVR). During
the follow-up (median 77 months: range 12-145) LD was observed
in G (6.8%) 5VR and in 71 (27.1%) no 5VR (p= 0.001), while G (6.8%)
with SVR and 66 (25 2%) without SVR developed HCC (p < 0.001 ). By
multivariate analysis presence of EV (HR 3.11; 95%CI; 1.60-5.75;
p<0.001), platelet count (HR 0.90; 05%CI: 0.98-0.009; p-0.001},
albumin (HR: 3.11; 95%CI; 0.19-054; p<0.001), and absence of
SVR (HR: 4.04; 95%C1: 1.63-10.05; p=0,003) were independently
associated to LD, The variables independently associated to devel-
opment of HCC were age (HR 1.04; 05%C1; 1.01-1.07; p- 0,045},
GCT(HR1.14: 95%Cl: 1.20-1.37, p- 0.008), absence of SVR{HR 3.31;
95%C0; 1.43-7 68; p= 0.005) and the AA genotype of rs437 4383 SNP

1550-BE58/536.00
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{HR 2.67; 05% CI: 1.36-5.23; p- 0.004). The risk to developed HH
was of 1.04, 2.43, 4,05 and 7.17 per 100 persons/years in patients
with 5VR and no responder to therapy with genotype GG, GA and
AA of rs4374383 SNP, respectively,

Conclusion: The AA allele of rs4374383 SNP of MERTK gene is
associated with a high risk to developing HCC in HCV cirrhosis.

http:f fdx.doiorg 10,1016/ j.d1d. 2013.09.006

NORMOCALORIC LOW CHOLESTEROL DIET
MODULATES TH17/TREG BALANCE IN PATIENTS
WITH CHRONIC HEPATITIS C VIRUS INFECTION

R Maggio ¢, C Viscomi!, P. Andreozzi?,
G. 'Ettarre”, B, Barbaro ', M. Gori', V. Vullo”,
C. Balsano !+

1 Laboratory of Molecular Virology and Oncology,
Francesco Balsano Foundation, Rome, Ttaly

2 Predictive Medione Unit, Saplenza University,
Fome, Italy

3 Department of Public Health and Infectious
Diseases, Sapienza University, Rome, Italy

4 Institute of Blology and Molecular Pathology - CNR,
Fome, Italy

Background & aims: Hepatitis C virus infection is charac-
terized by its association with several autoimmune disorders,
Chronic hepatitis C (CHC) patients display increased amount of
T helper 17 (Th17) cells. Th17 are involved in both liver inflam-
mation and autoimmunity, In CHC patients. serum levels of
oxysterols, the specific ligands of Liver X Receptors { LXRs) and non-
enzymatic chelesterol oxo-derivatives molecules, are higher than
in non-alcoholic fatty liver disease (NAFLD) patients, Interestingly,
LXR activity influences the differentiation of Thi7 cells; besides
Hepatitis C wvirus direct interferes with the activity of LXR/RXR
heterodimer, We evaluated whether a Normocaloric Low Choles-
terol Diet (NLCD) may modulate peripheralTh17/Treg balance, in
a cohort of CHC patients, taking NAFLDJNASH patients as control
group.

Metheds: Thirty CHC and thirty NAFLD/NASH patients
were treated with a NLCD for 30 days, Before and after NLCD,
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MYCOPHENOALATEMOFETIL MONOTHERAPY IN @
LIVER TRANSPLANTATION

F. Zingone , L. Pellegrini. C. Capurto, C. Ciacci

. Parrilli

Department of Medicine and Surgery, University of
Salemo, Salerno, Italy

Background: Mycophenoalatemofetil (MMF) is a purine-
synthesis inhibitor, largely used in association with the calcineurin-
inhibitors {CI) to reduce their side effects, in particular renal
insufficiency, MMF-monotherapy has been suggested for patients
with Orthotopic Liver Transplantation (OLT); however, leucopoe-
nia and anaemia caused by bone-marrow toxicity have to be taken
into account,

Methods: Patients with OLT, who were switched from immunao-
suppressive therapy with Ol to MMF, for the development of renal
failure, were enrolled in the study, We collected serum wvalues
of creatinine, haemoglobin, leucocytes, GGT and AST, related to
three different periods of time: the three years before the com-
bination therapy, when the patients were in Cl monotherapy (T1):
the period of combination therapy (T2) and, finally, the period of
MMF-monotherapy (T3},

Results: Eleven patients (median age 65.8 years old (range
34.1-74.8). one female) were included. At the time of the data

Tahle 1
Tl 2 e r
Madian (12) Madian ([2) Median (IR}
Creatinine 1.4{1.3-1.8) 15({1.1-18) 1.4(13-1.6) 0.9
mgdL
(vndGE-1.2)
Haemoglobin  13.6{123-14.1) 135(123-15.1) 139(123-154) 0F
gdL
(vn12-15)
Leucocytes 5.6 (4.6-6.8) 5.4 (43-64) 58(44-72) 05
107l
{vn4-10)
GGT Ll 35(27-133) 455(26-104)  4B(24-74) 0.9
{vn <17}
AST U 24(18-31) 225(17-32) 18[16-27) .06
(vn<50)

" Kruskal-wWallis test.
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collection, our patients were in monotherapy with MMF from a
median time of 7.8 years (T3], after an average period of 1.2 years
of combination therapy(T2). Table 1 summarises the median values
(IR} of the serum values analysed in the three periods,

Conclusions: No transplant rejection was noted in patients
receiving MMF monotherapy, Renal function remained unchanged
through the suspension of the inhibitor of Cl. demonstrating that
once established renal damage there is no recovery of renal func-
tion, In our patients no bone marrow injury was caused by MMF
monotherapy.

http: /dx.doiorg/10.1016/j.d1d.2014.08.018
2

THE RISK OF HEPATOCELLULAR CARCINOMA IN
HBV CIRRHOSIS IS AFFECTED BY
POLYMORPHISMS OF THE MERTK GENE

F.Bronte! , R.M. Pipitone !, 5 Grimaudo!,
. Ferraro?, V. Calvaruso!, 5. Sferrazza’,
G. Pecoraro!, M., Augugliaro !, A Craxi ',
V. Di Marco!

1 Sezione di Gastroenterologia, DiBLMLS, University
of Palermo, Palermo, Italy

2 Seziome di Virologia Dip.PRO.SAMJ, University of
Palermo. Palerma, Italy

Introduction: SNPs of the MERTK gene are known to modulate
tumor-associated macrophages and may influence angiogenesis
and carcinogenesis.

Aims: We assessed the potential association between
rs4374383 SNP in the MERTK gene and the risk of develop-
ment of HOC among patients who had chronic HEV infection with
active HBV replication or virological suppression.

Methodology: Enrollment cohort of 327 consecutive patients
with chronic HBY infection at first presentation (169 CH; 133 LC;
25 HCC), 248 were given long term treatment with NUCs, SNPs were
tested by TagMan SNP genotyping allelic discrimination (Applied
Biosystems, Foster City, CA, USA) on sera,

Results: The overall distribution of SNP rs43743B3 alleles was;
AAT4EE AC44.4% GG 40.8% Among 25 patients with HCC at base-
line, 12% were GG and 22 88% CAJAA Among the remaining 302
patients with CH or LC, 43.3% were GG and 131 56.6% AG/AA (OR;
562; 95% CI; 1,65-19.17 p 0.002). In the group on long term NUCs,
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all 248 patients had reached HBV undetectability <20 UL'ml within
one year of therapy. Thirty of these patients developed HCC during
follow-up, These patients had the GG in 26.7% and the GA or AA
733% Among the 218 who did not develop HCC, 463% were GG
and 53.7% GAJAA (OR: 2.37; 958 C1; 1.01-5.56 p 0.041 ). Patients on
NUCs with CH had a lower risk of HCC than those with LC(DR; 0.13;
95% CI: 0.04-0.40; p-0.0001) and cirrhotic patients with GG had
a lower risk of HOC than patients with AG/AA (OR: 0.35; 05% CI;
0.13-0.96; p-0.036).

Conclusions: The AC or AA genotypes of rs4374383 SNP of the
MERTK gene confers a significant additional risk of developing HCC
to patients with chronic HBV infection. especially in the presence of
cirrhosis, Testing patients on NUCs suppressive treatment for this
SNP may allow to tailor surveillance fior HOC.

http:fdx.doi.org 10.1016/5.d1d.2014.08.019
3

CIRCULATING SCCA-IGM COMPLEX 15 A USEFUL
BIOMARKER TO PREDICT THE OUTCOME OF
THERAPY IN HCC PATIENTS

M. Guarine ! , G.G. Di Costanzo 2, A, Gallotta®,
G. Fassina’, R Tortora 2, C. Tuccillo®,
E, Auriemma®, N.Caporaso !, F. Morisco !

! Department of Clinical Medicine and Surgery,
Gastroenterslogy Unit, University of Naples
“Federtco 1", Iraly

2 Liver Unit, AORN “A. Cardarelli”, Naples, Italy

3 Xepragen 5pA, Marghera, Venice, Ttaly

4 Department of Clintcal and Experimental Medicine
“F. Magrasst and A, Lanzara”, Gastroenterology Unit,
Second University of Naples, Naples, Italy

Background and aims: Every year hepatocellular carcinoma
(HCC) develops in about 3-4% of cirrhotic patients, The squamous
cell carcinoma antigen (SCCA) was found elevated in liver cancer
specimens by immunohistochemistry and detected by ELISA com-
plexed with lgM (SCCA-IgM) in serum of patients with HCC. This
study aimed to evaluate the ability of SCCA-IgM serum levels to
predict the efficacy of HCC therapy.

Methods: From April 2012 to April 2014, 218 patients (M/F
174/44, median age; 65 years, range 40-82) with a new diagno-
sis of HOC were enrolled in two referral centers of South Italy, ina
prospective study. The diagnosis of HCC was made according to the
AASLD 2010 guidelines.

The patients were staged and treated according to BCLC Staging
System: in particular, BCLC stage A-B (04 patients) were treated
with loco-regional therapy (RF. LTA, PEI, TACE), and BCLC stage C
(124 patients) were treated with Sorafenib (800 mg/die). Response
to therapy was evaluated with imaging techniques according to the
mRECIST criteria.

Serum SCCA-IgM levels were determined by the Hepa-IC kit
(Xeptagen, Italy) at basal time, The quantization of SCCA-IgM was
expressed in Arbitrary Units (AU/mL).

Results: At the time of diagnosis, SCCA-IgM was reactive in
168218 patients (77%). mean + 5D: 274 4 4+ 263 .2 AU/mL. In partic-
ular SCCA-IgM was detected in 74/ 94 (78%) patients with BCLC A-B,
and 94/ 124 (75%) patients with BCLC C, with the mean £ 5D value
of 258.7 £ 280.5 AUYmL and 2951 + 242 5 AlfmL, respectively.

According to mRECIST criteria, 131/168 (78%) patients showed
a positive response to therapy: in particular, 66/74 (80%) of
BCLC A-B patients, and G5/04 (G69%) of BCLC C patients, In
non-responder patients (37/168) levels of SCCA-IgM (median:
165.1 AU/ mLrange: 116.8 = 239.1 AU/mL)were significantly higher

() o

than levels measured in patients (131/168) with partial, complete
or stationary response to treatment {median: 126.7 AUmL range:
500+2269AUmL) (p<0.05].

Conclusions: These results suggest that the determination of
SCCA-IgM complex may be helpful in predicting the response to
therapy in patients with HCC,

http:! /dx.doi.org/ 10,1016/ j.d1d,2014,08,020
4

QUALITY OF SLEEP IN PATIENTS WITH LIVER
TRANSPLANTATION

F.Zingone , C. Caputo, L. Pellegrini, C. Ciacci,
. Parrilli

Department of Medicine and Surgery, University of
Salerno, Salerno, Maly

Background: Sleep-related disturbances are increasingly recog-
nized in the setting of chronic liver disease, We aimed to investigate
the quality of sleep in patients with Orthotopic Liver Transplanta-
tion (OLT).

Methods: Patients with OLT due to cirrhosis, Hepatitis C virus
(HCV) or Hepatitis B virus (HEV) correlated, were consecutively
enrolled from outpatient clinic at the University of Salerno, from
January 2013 and May 2014 and divided in two groups (HCOV group
and HBV group). Data on sex, age and time from OLT were col-
lected, The participants completed the Pittsburgh Skeep Quality
Index (PSQI) to evaluate the quality of sleep. A score higher than
5 was indicative of poor sleep quality, Categorical and continuous
variables were expressed as frequency and median with interquar-
tile range (25th, 75th), respectively. Differences in frequencies and
differences in non-normally continuous variables were calculated
using x2 test and Mann-Whitney U test, respectively.

Results: Fifty-six patients were included (34 patients in HOV
group and 22 in HBV group). HCV patients were older than HBV
patients (median age (1RQ); 64 (60-67)vs 56 (49-58), p<0.001) at
the time of the study, but both groups underwent OLT from simi-
lar time (median years from OLT (IRQ): 7.5 (3-11) vs 105 (6-15),
p-0.1). Twelve HCV patients(35.3%) had cirrhosis at the time of the
study compared to one patient (4.5%) in the HBV group, p< 0.001.
Twenty-two HOV patients (64.7%) and 14 HBV patients (63.6%) had
a pathological score of PSQ score (> 5); the median score of the test
was not statistically different between the two groups (median,
(IRQY, 6(4-11) vs 6.5 (4-9). p- 0.9).

Conclusions: Patients with OLT showed a poor quality of sleep,
The finding was similar for HCV and HBV patients, although HOV
patients were older than HBY patients and their long-term survival
worse than the HBV ones.

(W) e
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MERTK rs4374383 polymorphism affects the severity of fibrosis
in non-alcoholic fatty liver disease
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Paola Dongiovanni®, Raffaela Rametta®, Alessandro Gulino®, Enrico Mozzi®, Emanuele Orlando’,
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Background & Aim: Homozygosity for a common non-coding
r=d374383 G#A polymorphism in MERTE (myeloid-epithelial-re
productive tymsine kinase) has been assodated with the protec-
tion against fibrosis progression in chronic hepatitis C. The main
study ohjective was to assess whether MERTE AA genotype infla-
ences liver fibrosis, and secondarily MERTE expression in patients
with non-alcoholic fatty liver disease { NAFLD). We also invest-
gated whether MERTE is expressed in human hepatic stellate cells
(HSC) and in murine models of fbrogenesis.

Methods: We considered 533 consecutive patients who under-
went liver biopsy for suspected non-alcoholic steatohepatitis
(MASH) without severe obesity from two ltalian cohorts. As con-
trols, we evaluated 158 patients with normal liver enzymes and
without metabolic disturbances. MERTE rs4374383 genotype
was assessed by ¥ -nuclease assays. MERTE expression was anal-
ysed in mouse models of fbrosis, and the effect of the MERTK
ligand GASE were imvestigated in human HSC.

Results: Qinically significant fibmsis ( sage F2-F4) was observed
in 19% of patients with MERTK AA compared to 30% in those with
MERTE GG/GA (DR 0.43, O 0.21-0.88, p=0.02; adjusted for cen-
tre, and genetic, clinical-metabolic and histological wvariables)
The protective rs4374383 AA gpenotype was assodated with
lowier MERTE hepatic expression. MERTE was overexpressed in
the liver of MAFLD patients with F2-F4 fibrosis and in in vive mod-
els of fbrogenesis. Furthermaore, excpo sure of cultured human HSC
to the MERTK ligand GASE, increased cell migration and induced

Keyweards: NASH; MERTK; Fibrosis.
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procollagen expression. These effects were counteracted by inhi-
biton of MERTE activity, which also resulted in apoptotc death
of HSC

Conclusions: The rs43 74383 AA genotype, assodated with lower
intrahepatic expression of MERTE, is protective against F2-F4
fibmsis in patents with NAFLD. The mechanism may involve
modulation of HSC activation

@ 2015 Furmopean Association for the Study of the Liver. Published
by Elsevier BV, All rights reserved.

Introdudction

Mon-aloohaolic fatty liver disease (MAFLD) is a leading cause of
chronic liver disease worldwide [1.2], affecting about 20-30% of
the general population | 3). The clinical relevance of NAFLD arises
from the evidence that MAFLD patients are at risk of progression
tocirrhosis and its complications |1.4)], presenting also a high rate
of cancer and @rdiovascular events |5] compared to subjects
without fatty Liver.

The major risk factors for liver disease severity and its pro-
gression are obesity, insulin resistance (IR) and necroinflamma-
tion |6-9] However, several pathogenic factors affecting ver
damage in MAFLD are emerging, induding immune mesponse,
apoptosis, and heritability, which play a key role in the suscepti-
bility towards progressive disease |10 The patatindike
phospholipase-3 (PNPLAZ)jadiponutrin rs7 38408 C=G polymor-
phism, and the TMGSF2 r=s58542926 G A polymorphism, are the
major commaon genetic risk factors for NAFLD development and
progression |11,12], but their determination is not sufficient to
acourately stratify the risk of disease progression at an individual
level [12,13]

In this complex picture, a recent genome-wide study in
patients with chronic hepatitis C identified several susceptibility
loci for severity and pmogression of liver fibrosis. The strongest
was homozygosity for rs4374383 G=A single mudeotide

Journal of Hepatology 2005 vol. joor | oo
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polymorphism, a non-coding variant in the myeloid-epithelial-
mepmductive tyrosine kinase (MERTE] locus |14]. MERTE is a
receptor of the tumour-assocated macmophage (TAM) family,
with a key role for the initiation of efferocytosis, a process by
which dying cells are removed by phagooytes |1516] MERTK
was overexpressed in activated mouse hepatic stellate cells
(HSC) in vire and in an experimental model of liver fibrosis
[17] Agonists of LXR, a nudear receptor favouring lipogenesis,
increases MERTK expression in monocytes |18], and mice defi-
dent for GASE, a ligand of MERTK, had an attenuation in hepatic
steatosis - via modulating beta-oxidation, inflammation and
fibrosis |19]. Therefore MERTK and its variants could act as cen-
tral players in the control of apoptosis, immune mesponse, HSC
activation, and steatosis modulation, ie. all factors imvolved in
the pathogenesis of NAFID and of its progression to non-
dlcoholic steatohepatitis {NASH) and drrhosis.

The aim of this study was to assess whether the rs4374383
polymorphism influences histological damage (fbrosis as the
main ohjective), and secondarily MERTE expression in patients
with NAFLDL We also investigated whether MERTE is co-
regulated with fibrogenesis, in murine models of fbrogenesis,
and its expression in HSC.

Patents and methods
Prti=nts

We analysed data from 533 ltakian prospectively rcruiied patients, who under-
went liver biopsy for mmspecisd NASH without severe obesity, and with hlood
samiples available for genetic malyses. The study cohont inchided 233 patients
from the Castroiniestinal & Liver Unit of the Palermo University Hospital, and
300 patients from the Mebbolic Liver Dissases outpatient service, Pondzrione
IRCCE (2° Granda Ospedale Maggione Policlinio, Milan, in Northemn ltaly. Other
auses of liver disease wene ruled out, induding dwhal intake (>20 giday) eval-
uated by a questionnaire, wira and autoimmune hepatitis, hereditary hemachno-
matmsis, and alphal-antitrypsin deficiency. Patients with advanoesd drrhosis,
hepatocelhlar cacinama, severs obesity (body mass index (BM) 240 kgim® |
and current wse of steatosis- inducing drugs wene excheded.

The mmitral group included 158 Malian subjects; 120 were mnssoutive
healthy blood donors without obesity, diabetes and chronic diseases, and with
narmal ALT levels (<32 28 UL in M), where NAFLD was mule out by Gity lver
index (n =120} [20]; 38 cxes wene obese subjects with normal lver biopsy
[steatosis <53 of hepabocytes) at routine liver biopsy performed at the tme of
ariatric surgery [ gastric banding ) Mean age was 542 years, and 46 ( 2901%) were
females. Mean total and HDL chalesteral, as well 2 trigl yeerides were in the nar-
mal range, and mean HOMA value was 237, All were negative for viral infedtion
fant=HCV, anti-HIV, and HBsAg negative, vira infection wa excluded by deter-
mining viremia in blosd donars |

The study was crmisd out in aoardanee with the principles of the Helsinld
Ded aration, and with local and mational bws. Approval was obtained from the
haspital Intenal Review Boards and their Bthics Committess, and written
infarmed amsent for the study was chiined from all aontrals and patients.

(inical and kshoraiory @co=cem et

Qini@l and anthropometric data were collected 2t the time of lver biopsy. BMI
was @loulated on the basis of weght in kilograms and heightin meters. The diag-
nesis af type 2 disbetes was hased on the revissd criteria of the Amerian Dia-
betes Amsodation, using a vale of Bsting blood glucose =126 mgid] on at least
iwo oc@sions |21 | Inpatients with a previows diagnosis of type 2 diabetes, qur-
rent therapy with insulin or aral hy poglycemic agents was doaumentad.

A 12-h overnight fasting blood =ample wa drawn at the time of biopsy ta
determine serum levels of almine aminotransferase (ALT), total cholesteral
HDL cholesteral, triglyerides, phsma ghoose and imsulin concentrations. R
was amesed by homenstasic mode] xsesment (HOMA) using the following
muation: Inmlin resikne (HOMA-IR) = lastng  insulin {pl fml) = Fasting
ghucase {mmal L)225 |22

DNA was purifisd wusing the Qlamp blood Mini Kit {(lagen, Mainz, Germany) and
DM A samp les were g uanti fied using spactrophotometr ic d eermination. Genotyp-
ing for PNPLAS (157 38408 C>G), TMESF2 [rs58 542926 CT) and MERTE [ rs43 74343
C>A) variant wa carrisd out using the Taghan SNP genotyping allelic disoim-
ination method (Apphied Bios ystems, Foster Gy, CALLEAL

Thegenotyping @ll was done with 303 software v.1.3.0 (AB Prism 7500, Pas-
ter Gy, CA, LEAL Cenotyping was mnducied in a blinded Bshion relative to
patient chararteristics.

Acwrooment of histolagy in luman NAFLD

Elides were coded and read ateach clinial centre by one sxpert pathalogist, who
was unaware of the patients” identity and history. A minimum 15 mm length of
ithe biopsy specimen or the presence of at least 10 mmplete portal trads was
mequi red [ 23], Stentosis was msescer] as the percenige of hepatocytes antaining
t droplets (minimum 5%} The NAFLD clinical research netwark Klener classifi-
ation | 24| was wsed to compute steatosis, ballooning and lobular inflammation,
and to stage fibrasis from 0 to 4 NASH was considersd to be presentwhen stemto-
=is, lobular inflammation and hallooning or fibrosis wene pressnt.

In 20 @zes randomily s=lacted (10 from ech centre), we tested the inger-
abserver agreement between pathologists for fibrosis, st is, kebular inflame-
mation and hallooning by using weighied kappa soores_

Evaluation of biver cells expreccing WERTK in buman NARLD by immun ahidechemiol
and immunofucresrrne: @nahors

Immuno hisinchemistry was performed wing a polymer detection method
Bridly, tissue amples were fixed in 104 buffered formalin and paraffin embed-
ded. Four-micometer thic tissue sections were deparaffinized and rehydrabed
The antigen unmasking technique was performed using pH8 Tris/EDTA buffer
[ Mowocastra, UK)in a PT Link Dako 2198 =C for 30 min. Subsequendy, the sedions
weere brought to reom temperature and washed in PBE. After neutralization of the
endogenous peraxid xe with X Ha0: and Fe blocking by a specific protein blodk
[ Howocastra) the samples were incubated 1 h with the primary antibodies rabbit
maonoclonal [Y323] to MERTE anti-human, Aboum code ab 52968 (11000 pHa) a
Toam Eempaature Shining wa revealsd by polymer detection kit (Novocsia)
and revealsd by AEC (3-amino-Seethylarbzoole Dako, Denmark] substrae-
chromogen. The shides were countestained with Hars  hemataylin
[ Howocastral

Immamofl uorescence was performesd by using the fol kowing primarny and sec
ondary atibodies: anti-human CT6E | clone PG M1, diluition 1100, Dalo Oy oma-
tion); anti-human MERTK [Yi23] 1:1000, Abcam) After Fc bloddng, primary
antibodies binding was revealsd by fluonochrome-conj ugated sscond ary antibod-
ies: Alexa 56 8-conjugated poataniti =rabbit (v tro pen Moleou Lar Probes, Carlshad,
CAY; Alexa 488-conjugated goat anti-mouse (Imvitrogen Malsalar Probes, Carks-
thad, CA The <lides werne oouniers b ned with DAP] Hucleic Acid Stain | Invitrogen,
Mualscular Probes, Carkhad, CA) All the sections were malyssd under a Leia
DM300) optial micrascope (Leica Micosystems, Germany] and micrapho-
tographs were callecterd using a leica DRCIN) digital camera (Leica)

Evaluation of MERTK hepatic mBNA kewels in human NARLD

MERTK hepatic e pression [ mBN A leve ) was eval uated by quantitative neal-time
PR in available timue smples immediately froeen at the time of lver biopy.
Liver biopsies wene mileced in RNAlaer {Ambion, Carlshad, CA, USA) immedi-
akely froren in Biquid nitrogen and stored at - 80°C 'When an additional tissue
sxmiplewas avail shle. this was lysed for probs n extraction in B PA buffer, amtain.
ing 1 mmal Ma=ortho vanadate, 200 mmeal PMEF and 002 mgimil apopratinin. RNA
was isalabed from liver biopsies using Trizol rmgent (Imvitrogen, Carbshad, CA,
LEA), aerard ing to the mamifadurer protom L RNA quality was evaliatesd by men-
suring the 2601280 nm absorbance ratio (> 1.8) and by elactrophoresiz. First-s mand
mmplementary DHA (cDNA) was synthesized using SuperSaipt VILO dDHA syn-
tthesis kit {Inwitrogen), starting from 0.5 meg of total BNA. Cene expression was
evahated by quantitaive real-time PCR using SYBR Gresn FAST master mix
{ Applied Biosystems, Faster City, CA, USA) ran in triplicbe on AB FREM 7500 st
[Applisd Bicsystems) Primers ssquences used were, for MERTK, forwand: 5'-
CCTICACCATAACCACTGTCC  and  reverse:  S.TGACAGCT GAGCTTG AACGL
whereas for bete-actin forwand 5-0OCATOCTCADOCTCAACTA, reverss: 5.
COCCTGTTCAAGCTCTCAAA. Gene expression kevels were normalized for bet-
actin_
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Animal experimenta protood

Twa different mad el of fibrogenesis were employed. Mice wene purchased from
Charles River Laboratories (Cako, faly). Por cabon tetrachlaride (001, induoesd
fibrosis, male (STHLE mice were injecied intraperitoneally with OC1, (05
wiig ) bwice 2 wesek for § weels to induce liver fibrosis Control mice recsived
an equivalent valume of alive oil. Mice were sacrifieed 2 days after the final 00,
injedtion Experimental fibrogenic steain hepatitic was induced by administration
af 3 methionine and choline-deficient di=t. Male BALR o mics wens fal sither a
high-fat dist defident in methionine and chaoline (MCD diet), or a @niral diet
supplemented with methionine and choline as previously described [25] Dhets
wene prepared by Dottor Picioni Laboratories (Milan, ltaly) and stored at 4°C
until used. In both experiments mice, 8 wesks of age at the beginning of this
study, weghing betwemn 20and 25 g were kept under a contral l=d Emperatune
af 224 27, 5060 relative humidity and 12 h ightidark cycles. Mice had free
e to food and water ad lhitume All animals recefved humane are aconding
to the criteria outlined in the Guide for the Care and Use of Laboratary Animals
prepared by the Nationa Acdemy of Scences and published by the National
Institutes of Health (NIH publiation $6-23 revised 1985) and experiments wene
performed afier permission of the loml IACUC

Culbie of human HSC and meporement of ooll migration

HEL weere isalated from narmal liver tissue unsuitable for transplantation ax pre-

viowsly described [26]. Cdls were cultured on plstic and ussd aiter mmplete
transition o a myafibroblast-like phenotype. Sub-mnfluent H30 were serume
starved for 24 h, washed, trypsinized, and re-suspended in s=rum-free medium
at a @nomiraton of 1 = 10° elsiml. Chemotasxds was measunad in modified
Boyden chamber muipped with 8 pm paore filters (Millipore Corp, MA, LEA)
and ooated with rat tail collagen (20 pgiml) (Collaborative Biomedial Products,
Badford, USA), as described in detail ehewhere [26] At least &n high-power
fields per filier were counted in each experiment.

Procedures for preparation of od] lysates, sodium dodeoyl sul Bte polyacrylamide

gel electropharesis analysis and Western blotting have been described dsewhens
| 26]. Onehundred pg of cell proieins were used for MERTE immunoprecipitation,
perfarmed with 15 pl of anti-MERTK (R&D Lystems) ar the appropriste contral
IzG followed by addition of protsin A-fsphanose, 25 described by Di Maira et al
| 27]. The resulting immuno prec pitates wene analyssd by Western blotting using
anti-MERTK (AbCam). Quantifiation of the signal was obuined by chemi umi-
neene detedtion on an Image Quant Las4000 (GE Healthcare Life Scence)
and subsequent analysis with Imoge] saftwane.

Mezamement of coll viakility

Cell viahility was mexured by 3-{4.5-dimethyl thizzal-2-y [}-3, 5-diphen ylbetrammn
Tium bromide (MTT) assay, as previously described |27 ]

Geme sibencing

Al sikNAs used were purchased from Dharmadan {Labyette, USA)L Transkection
af human HEC was performed using the Amascanuclksafedion echnalogy (Amasa,
Koln, Germany) as previously described, with 100 nM smant Pool siRNA spedfic
far human MERTE [ sequence accession na # NM_D06343) or non-targeting siENA
128

Simtishirs

The study had the power to include 12 potential prediciors in the multivariate
madd for F2-P4 fibrasts in 2 aohart of MAPLD with at least 120 patients with
F2-F4 fbrosis, ie the expecied 255 of the entire cohort Contimous variables
wene summarized 25 mean £ standand deviation, and categorical variables as fire-
quercy and parcentage. The tiest and chi-squane test were ussd when appropri-
ate. Univariate and multiple logistic regression modds wene isal o zses the
factors independently assodated with signifiant fibrasis (main ohjedive), and
with NASH and severe stetosis (serondary ohjsdives] In the fist maodel, the
dependent variable was fibrosis, coded as O0=no or mild fibrosis (FO-F1) ar
1 = clinicaly significant fibro sis (F2-F4); in the sscond madel, the dependentvari-
ablewa NASH coded a5 0 =absent and 1 = present; in thethird modd the depen-
dent variable was sieatasis mded as 0= mild-maod erate | steato sis grade 1-2), and
1= savere (stmtosis grade 3)

JOURNAL OF HEPATOLOGY

As andidate risk Bdors, we selated age, gender, BML the haseline lavels of
ALT, trighvcerides, tatal and high-density lpopratein (HDL) chalestenal, blood gh-
cose, insulin, HOMA smre the presenoe of diabetes, PAPLAY rsTI8408 variant,
TMEER rSS42006 T, MERTK rs4374383 AA genotype, sieatosiz lobular
imflammation, ballooning, MASH, fibrosis, and enmolling centre.

In all modds, acmrding io literature dats, we compared patients homaeygous
fiar MERTK AA probective allels to adl other variants [14], the TMESF2 variant wa
coded in a dominant genetic madd because of its relatively low allele frequency
[1213], and an additive model was used for PNPLAT [11].

Toavaid the effsct of co-linearity, disbete, HOMA smre blood ghoose and
insulin lavels, or steatasis, hallaning, lobular inflemmation and NASH were nat
inchided in the same multivariate model Regression anays=s wene performed
using SAS [29].

Results
Potients’ features

The haseline characteristics of the 233 Sidlian and of the 300
Morthern Italian MAFLD patients are shown in Supplementary
Table 1. In the group of 20 cases with histological features revised
by pathologists from both Morthem and Southern ltalian centres,
the k inter-observer agreements for fibrosis, steatosis grade, lob-
ularinflammation and balleoning were (LB9, 0.76, B0 and 0.55,
respectively, similar to those reported in the literature |24 ).

The prevalence of MERTE 4374383 AA, AG and GG genotypes
was 14.6%, 47.8% and 376X in the entire cohort. Genetic frequen-
cies did not violate with Hardy-Weinberg equilibrium.

The frequency distribution of the MERTE genotype was similar
in patients with NAFLD respect to age and sex-matched individ-
uals with nomal liver enzymes and without metabolic abnor-
malities (p =090; Supplementary Fg. 1} As a positive control,
the rs738409 G and rs58542026 T alleles, wem over-
represented in patients v, controls (p<0.0001)

Mo assodatons were found between MERTE genotypes and
anthropometric, metabolic and biochemical parameters in the
entire cohart (Table 1).

Associntion of MERTE genotype with histological severity of human
NAFLD

Chinically significant fibrods

Qinically significant fibrosis (stage F2-F4) was associated with
older age, higher ALT, type 2 diabetes, MASH diagnosis, PNPLAZ
variant and the absence of MERTK AA genotype. Spedfically, sig-
nificant fibrosis was observed in 19% of patients with MERTE AA
compared to 30X of those with MERTE GGGA (p = 0L04). By mul-
tiple logistic regression analysis, MERTE AA genotype remained
associated with clinically significant fibrosis after correction for
genetic and clinical-metabolic varables (OR 040, C1 020-0.81,
p =001}, and also for the above indicated factors and histological
features of NASH (OR 043, CI 0.21-0.88, p= 002 Table Z, upper
panel)l. Notably, when the term of interaction between PNPLAZ
and MERTE variants was included in the model it was not signif-
icant (p= Q0L18).

To account for a possible effect of MERTE AA genotype on
fibrosis via induction of severe steatosis, MERTK AA genotype
remained significantly assocated with clinically significant fbro-
=is when MASH was replaced in by severe steatosis in the model
(OR 045, 0 023092, p=0.03).

When considering severe fibrosis (F3-F4) as histological out-
come, similar esults were observed: MERTE AA genotype was
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Table 1. Maseline demographic, bboratory, metabolic, and histologicl
features of Italian patients. aconding to MERTR genotype.

Combined conort (0 = 533)

MERTK GG/  MERTKAA g valus
GA N=T8
N =455

Mean age, yr 485+ 116 4732131 0.58

Male pander E1.1 arT 0.56
Mean BMI, kp'm? 288+ 5.0 28546 0.48
ALT, UL 582+ 450 B4 T 2723 0.28
Typa 2 diabatas 71 12.8 0.34

Chalestaroi, mgdl 412438 2124:475 0.4
HOL cholestanal, mgid 4911147  S16:165 047
Triglyceridas, mgidl M56+B07 1423:76R 074
Biood gucose, mgidl O7E+281 9941355 072
Insusin, g Lymi 1841102 166:94 0.90
HOMA score 415+336  430:330 062
PNPLAT GG 15.0 115 0.42
PNPLAS CCICEIGE ADAMAEMS0 S4BM3EM1S5 0.84
TMESFZ CTITT 158 142 0.
Histology
Lobular infammation 2-3 ) 154 017
Balloning 1-2 516 525 0.52
Stastosis grade 3 209 T 0.008
HASH az a7 0.46
Firosis stage 2-4 303 19.2 0.04

L international units; HOMA, homesosbisis modd xsessment; HDL, high density
lipoprotein. [ata are given a5 mean 4 standard deviation, ar as percentage of
ames (T

assodated with a lower prevalence of F3-F4 fibrosis after correc-
ton for genetic and dinical-metabolic vardables (OR 037, CI
014096, p =0.04) as well as for the above quoted risk factors
and NASH (OR 0.38, O 0.16-0.99, p=0.04).

MNASH and severe stegbosis
The prevalence of MASH was not affected by MERTK genotype
(30.7% in MERTK AA vs. 44.1% in MERTK GG|GA; p = 0.46), while
MASH wras linked to higher ALT, type 2 diabetes, PNPLAZ variant,
and enrolling centre. Along this line, by multivariate logistic
mregression analysis, type 2 diabetes (OR 216, 95% CL 1.11-419
p=0002) and Southern Italian enrolling centre (OR 31.9,95% CL
19.0-536; p=0.001) were independently linked to MASH, but
not MERTK AA genotype (OR 063, 95% CL 0.31-130; p=021)
Severe steatosis was observed in 8% of patents with MERTE
AA compared with 21% with MERTE GG/GA genotype
(p=0U006). The other variables assodated with severe (grade 3)
steatosis were higher BMI, higher ALT levels, both PNPLAZ and
TMESF2 variants, and enrolling centre. By multivariate logistic
regression analysis MERTE AA genotype (OR 024, 95% C1L 0.09-
063; p=0.004) remained significantly assodated with severe
steatosis together with ALT levels (OR 1.00, 95% CL 1.00-1.01;
p=0.007), BMI (OR 1.11, 95% CL 1.05-1.17; p<0,001), PNPLA3
variant (OR 209, 95% CL 1.49-293; p<0.001 ), TMESF2 varant
(OR 264, 95% CIL 1.45-481; p=0002), and Southern Italian
enrolling centre (OR 3.03, 95% CL 1.79-5.12; p<0.001)

MERTK &= expressed in hepatic stellate or monocytoid cells from
human NAFLD samples

MERTE was found to be expressed in cells with stellate or mono-
oytoid morphology scattered throughout the hepatic parenchyma

and loosely ageregated within inflammatory fod (Fg. 1, upper
panels) while being not expressed in hepatooytes. Since the mar-
phology of MERTK-expressing cells was suggestive of stellate
cellsimarophages double labelling immunofluores cence analysis
was performed for the CDGE macmphage marker and MERTEL
Consistent with the maorphology ohserved on
immunohistochemically-stained  sections, MERTE-expressing
cells also expressed CDGE (Fig. 1, lower panels ), which confimmed
their macrophagic lineage.

Hepatic expression of MERTE in potients with NAFLD

In 94 morbidly obese consecutive patients from Morthern Italy
(male gender 30%, mean age 44 + 11 years, mean BMI 41 + 8 kgim®),
and at avery low prevalence of F2-F fibrosis, 13%] 30, the protec-
tve m4374383 AA penotype was assodated with lower MERTE
expression levels (p=0.049; Fig. 2A), after correction for age,
gender, and lobular inflammation (factors linked with MERTE
expression with p<0.1 atunivariate analysis togetherwith MERTE
genotype)l. Similarly, in 80 NAFLD patients from the Southern
Ialian cohort (male gender 30E, mean age 48+ 11 years, mean
BMI 29 +4 kg/m®, F2-F4 fibrosis 425%) we confirmed lower
MERTE expression levels inthose carrying the MERTE A& genotype
compared with all the others (p= (L02; Fig. 2B

To further establish a possible link between MERTE expression
and fibrogenesis in MAFLD, hepatic MERTEK expression was
assessed in a function of fibrosis severity in 27 patients from
the FLIP study (male gender 75% mean age 42+ 11, mean BMI
27 +4), and in the above quoted Southern [talian cohort of 80
patients with NAFLD. Of note, patients with F2-F4 fibrosis had
significantly higher MERTE mRMNA levels than those with FO-F1
in both FUP and Southern Italian cohorts (Fig. 2C D). Mo associ-
ation was found between hepatic MERTE expression and other
histological features (data not shown L

MERTK expression i upregulated in murine models of fibrosis

We also imvestigated the expression of MERK in two well-
established models of ibmgenesis in the mouse (Fig. 3) After a
G-week administration of OCl,, intrahepatic expression of MERTE
was maore than 6-fold higher than in control mice Similarly, 8
week administration of a MCD diet resulted in a 2.5-fold increase
in MERTE mRMNA levels (p<0.05 ). This latter model is more repre-
sentative of fibrogenesis assodated with steatohepatitis, and the
lower degree of MERTK expression reflects the less abundant
fibrosis observed in this model We also tested hepatic MERTE
expression in a murine high-fat diet (HFD) model showing at
16 weeks no different expression of MERTE compared to contraols
(data not shown ). Overall, these data provide additional support
to the profibrogenic role of MERTE in models driven by inflamma-
tory and metabaolicfinflammatory pathways.

Fbrogenic effecs of @ MERTK Bgand in cultured stellate cells

HSC represent the final effectors and coordinators of the fibm-
genic response, and we explored whether MERTE could affect
the biology of this cell type. Based on the evidence that MERTE
mREMA expression was significantly induced in mouse HSC
activated by culture in plastic, and also after induction of chronic
liver damage in response to OCly administration or bile duct
ligation |17], we analysed whether activation of MERTE was
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Table 2 Associstion of the MERTK 457438 3 genatype and liver damage a5 evaluaisd by unadjsted and adjusted modek in 553 patients with b opsy-proven non-

Significant fibrosis
Wariadle Unadjusted madal® Adjusiad model 2° Adjusted mooel 3
OR [35% CI}p vale
Mean age, yr 1.03 {1.02-1.05) =0.001 1.05 (1.02-1.07) =0.001 1.04 [1.02-1.08) =0.001
ALT, UL 1.01 {1.00-1.01} =0.001 1.01 {1.00-1.01) QudO1 1.00 (1.00-1.01) 0.003
Type 2 disbeies 3.02 {1.52-4.93) =0.001 203 (1.16-3.54) 0.0 191 (1.06-345) 0.03
NASH 10,7 {B.78-17.0) =0.001 - 7.18 [3.81-13.5) =0.001

MERTK GGIGA vs. A&
PNPLAS CCws. DG wvs. G5
TMESFZ CCws CTATT
Southem |akan cohort

0.54 (0.30H0.98) 004
1.23 (0.03-2.68) 005
1.23(0.72-208) 044
5.58 (3.69-B.46) <0.001

0.40 (020-0.81) 0.01
105 (0D77-1.43) 0.75
126 (DBS-2.32) D.44
5,07 (3.19-5.08) <0.001

043 (0.21-0.68) 002
101 (073-1.40)  0.80
128 (0.67-243) 044
1.41 (0.75-268) 027

SCenetic, clinica -metabalic, and histological variables significant at univariabe analyses were included in the multivariate logistic regression model TMESE2 variant ws

foreed in the madel
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Fiz. 1. MERTK in situ hepatic expression in human NAFLDL MERTK in =it
expression was imestigasd by immunchistochemistry on NARLD bioptic sam
ples wming a spedific manoclonal primary antibody. MEFTK was found to be
expressed in oells with std late or monocytoid morphology scaitened throughout
ithe he=patic parenchyma and loosdy aggregaied within inflammatony fod (upper
panek) while being not expremed in hepaooytes. Sinee the marphology of
MERTK-expressing «lk was suggestive of stellte cells/macophages double
Lbdling immamafluorescence anaysis was performed for the (DES macrophags
marker and MERTE Consistent with the morphalogy observed on immunchis
tochemical lp-stained sections, MERTK-sxpressing cells abo expresed (DES
([ bower panels), which aomfirmed their maoo phagic lineage.

expressed in cultured human HEC and if its activation modifies
the fibrmogenic phenotype of these cells. Immunopredpitation of
HSC ly=ates with anti-MERT K antibodies and blotting for MERTE
revedled a clear band of the expected molecular weight, which
was not present when lysates wem incubated with non-
immune, control antibodies (Fg. 4A). Exposure of human HSC
activated by culture on plastic to GASG, a MERTK ligand, induced
a time-dependent increase in the activation of ERK1/2,a member
of the mitogen-activated protein kinase family activated by dif-
ferent transmembrane receptors including tyrosine kinases and
imvolved in H5C activation and migmtion (Fig. 4B). In line with
these findings, exposure to GASG resulted in an increase in cell
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Fig. L Hepatic MERTR mRNA expression. MERTK mEMA hepaticlevels aconding
to AMERTE rs4374383 genotype in 94 baatic severe ohese patients from
Harthern laly (A} and in 80 NARD patients from Southern lalian cohort (B
MERTE mBN A hepatic levels acmrding to presence bhsence of FkF2 filbrosis in 27
HARD patients from FUP cohort (C), and in 80 NAFLD patients from Southern
Ializn whaort (D)L

migration ( Fig. 4C), to an extent similar to that induced by foetal
bovine serum, used as a positive contmol Collectively, these data
indicate that culture-activated HSC express functional MERTE.
We next evaluated the spedficty of the effects of CASE using
UNCSE9, a spedfic small molecule inhibitor of MERTE [31].
Induction of cell migration in response to GASE was reverted in
HSC co-treated with UNC569 (Fg. 5A) providing evidence that
the effects of GASG are mediated by MERTE. Exposure of HSC to
UMSE9 alko mesulted in a significant decrease in cell viability,
indicating that MERTK is involved in the maintenance of
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Fig. & Mice hepatic MERTK mRNA expression. (4] Male mice wers injected
imraperitoneally with a dose of OC1, (05 pliz body weight) or olive oil wie a
week for 6 wesks, "p <005 vz ail (B) Male mice were administensd with 2 antral
diet () ar a diet without methionine and choline (M) for & weeks, *~p <005
s I

fibrogenic cell survival (Fig. 5B). To rule out that the effects of
UMC569 were due to non-spedfic inhibition of other molecules,
we silenced MERTE using specific siRMAs. Also with this
approach, viability of HSC was significantly meduced, essentially
meplicating the effects of UNC569 (Fig. 5C) To establish whether
the reduction of cell wiability was due to programmed cell death,
HSC were exposed to increasing concentmtions of UMCS69
(Fig. 50). Similar to the effects of doxworubicn in HuH7 cells, used
as a positive contral, UNCSE9 resulted in PARP deavage and in
the generation of active caspase-3, compatible with induction
of HSC apoptosis.

To obtain further evidence for a profibmgenic role of MERTE,
GASG-stimulated cells were assayed for procollagen | gens
expression in the presence or absence of UMCS69 (Fig. SE).
GASE slightly, but significantly increased the ecpression of pro-
collagen L. These effects wem inhibited by co-exposume of HSC
to UNC569, indicating that the effects of GASE ame mediated by
MERTK (Fig. SE} A reduction in pmcoollagen | gene expression
was also obtained after MERTK silencing (data not shown). Taken
topether, these data indicate a pmofibrogenic role for MERTE
activation.

Dis cus sion

The main finding of this study is that the MERTK rs4374383 AA
penotype is assodated with a lower prevalence of cinically sig-
nificant fibrosis in patents with NAFLD, and the mechanism
may be mediated by decreased expression of MERTE. We also
showed that MERTK is expressed in human HSC at the protein
level, where mediates profibrogenic actions, and is overexpres sed
in patients with MASH and severe fibrosis, and in murine models
of fibrogenesis.

MERTK is a TAM receptor known to be highly expressed in
M2-polarized macrophages, and has a key role in efferocytosis
115,16 In genome-wide assodaton studies, the rs4374383 gene
variant of MERTK has been recently associated with liver fibrosis
progression in patients with chronic hepatitis C | 14], this assod-
ation being confirmed in another independent cohort of chronic
hepatitis C patients |32). To the best of our knowledge, this is
the first study to demaonstrate the potential assodation between
MERTK polymorphisms and the fibrotic phenotype in MAFLD
patients, and to show a potental direct profibrogenic action
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Fig. 4 Role of MERTK protein on primary H3(s motility and ERK sctiva tion.
[AYMERTK expresion was detecisd by immunaoprecipitation with anti-MERTK ar
aspecific antibady, = indicated, from HEC lysate Precipitaisd proteins wens
detected by Wesiern blot with anti-MERTI. (B) Cells were serumestarved for 24 h
amd then tresed with 100 ngiml of CASE at different Gmes 2= indicated in the
figure. Total cell ysates from primary HE30s were amalysed by Western blotting
using the indicated antbodies. (C) Migration in the presence or alsence of the
indicated concentrations of GASS far 6 h wene measured using modified Boyden
chamibers. As positive contral cells wenes timulated with 104 fosta bovine serum
fior the mame time. “p <(L05 v comtral.

The most relevant result from our analysis is the protective
effect of the MERTE AA genotype on significant fbrosis. Notably,
this association was maintained after correction for well known
dinicalk-metabolic risk factors, and for both PNPLAZ and TMGSF2
gene vanants, the strongest genetic determinant of NAFLD
| 11,12 Another relevant finding of our study is the association
of MERTE AA genoty pe and lower prevalence of severe steatosis
in MAFLD patents. Therefore, we suggest that the AA genotype
may represent a moderator of the effect of other risk factors on
steatosis severity in NMAFLD. Published genome-wide association
studies assessing gene variants at risk for NAFLD did not identify
MERTK rs4374383 G»A as one at risk. This data are not in contrast
with the msults of the present study, because we confimrmed
MERTE gene wariant as not associated with NAFLD, while we
fimstly report in this dinical setting its role a5 a modulator of liver

damage
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Fig. 5 Effeds of 2MERTK inhibitor or of MERTK knodidosm onthe biology of
HEC (A) Migration of HSC in respanse to the indiated mncentrations of GASE
and in the presence (dark blue columns) ar absence (Tight blue mlumns ) of 5 pMd
UNCS69 was measursd using Boyden chambers “p <05 vz unstimulaed
cantral ; =p <L0E vo the same CASE @neesniration without inhibitor, hpl, high
power field (B) Srum-deprived HSC were inoubated in the presence of the
indicated @neentrations of GASS for $8h. Cell viadility was memsured as
deseribed in Materiads and methads. %p <005 ve mntral (no UNCSED) (C) HEC
were transfeted with MERTK-specific sifMAs or with non-tageting (siNT)
5iFMAs, & described in Materials and methods. *p <005 vs. non-targeting siRMAs.
(D) Lanes 1=2: Cultured HuH? were incubated with 10 pg/m] doxarubidcn or its
wehide for 48 h. lanes 3=6:; serume deprived HE were incubated in the presence
af the indicated comosntrations of UNCSEA. Total cell lysates were amalyssd by
‘Wiestern hlotting using the indicaterd] antibodies. (E) Semum-deprived HESC wene
incubated with the indiated concentrations of GASE and in the presence ar
absence of UINCS69 ford8 h At the end of the experiment gene sxpression of type
| proml agen was measured a5 indicaed in Materials snd methods. “p<Q05 vs
unstimulated contral; ™p <05 ve CAS without inhibitor; § p= 007 w CASE
without inhibitor.

Although this study was not designed to fully danfy the
pathogenic link between MERTE AA genotype and the severity
of liver fibrosis, several hypotheses may be put forward to mech-
anistically explain this association. In NAFLD patients, where
MERTE is muostly expressed in macrophage and HCS, we observed
a significantly lower hepatic expression of MERTE in subjects car-
rying the protective A& genotype, which may therefore have a
functional counterpart on the abundance of this eceptor. Along
this line, we found higher hepatic expression of MERTE in NAFLD
patients with significant fibrosis compared to those with none or
mild fibrosis (FO-F1). Remarkably, increased expression of MERTE
wias also present in twao independent murine models of fibrogen-
esis, one of which — the MCD diet - is associated with a histolog-
ical picture similar to the one of human NASH, while MERTE was
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not overexpressed in the HFD model (data not shown ), where the
role of inflammatory cells in liver damage is minimal

A very intriguing finding is that MERTE may modulate the
fibrmgenic process via direct actions in HSC Gene expression pro-
files of HSC undergoing transactivation showed that MERTE is
induced more than 4-fold following adivation on plastic, and
MERTE hepatic expression is also induced by chronic liver injury
in vive | 17]. We demonstrated berein that cultured human HSC
express a robust signal for MERTK at the protein level. Moreover,
wie provide additional, functional data on a possible direct action
of this tyrosine kinase, exposing HSC to the MERTE ligand GASG.
GASE resulted in activation of the ERK1/2 pathway, coupled with
induction of directional migration of HSC Both these actions are
relevant for the fibrogenic pmoess, asindicated by the accumula-
tion of activated HSC in discrete regions of the hepatic acinus
during fibrogenesis and by the observation that the activation
of ERK1j2 positively modulates fibmsis [33 ] Moreover, GASG
induced a significant increase in the expression of type | procool-
lager. It should be considered that GASEG is also a ligand of the
tyrosine kinase Axl, the expression of which has been previously
reported in H5C and in liver fibrosis [34). To rule out that the
effects of GASE were not mediated by MERTE, we tested the
effects of the spedficinhibitor UNC569 | 31). This compound pre-
vented GASG-mediated effects on cell migration and procollagen
expression, indicating that MERTE contributes to mediate the
actons of this soluble mediator on H8C. Moreover, UNC569
resulted in a marked reduction in HSC viability via the induction
of apoptosis, indicating that MERTE is implicated in the mainte-
nance of HSC survival. Of note, these effects of the MERTK inhibi-
tor were reproduced by genetic MERTE silencing. Further studies
in invive models are needed to better define the mle of this path-
way in the pathogenesis of fibrosis in general and during MASH.
When considering the assodation between MERTE variant and
the severity of steatosis, data from the literature suggest that
MERTE may modulate the mechanisms regulating lipogenesis.
First, agonists of LXR, a nuclear receptor involved in the regula-
tion of lipid metabolism, increase MERTE expression inmonocy te
|18]; second, in mice fed a cholinedeficient ethionine-
supplemented diet (CDE) GASE defidency attenuated hepatic
steatosis, limiting CDE-induced downregulation of genes
involved in f-oeddation |[19).

If further confirmed in independent cohorts, the assodation
between the MERTE rs4374383 AA genotype and severity of
histological features in NAFLD that may further mefine our ability
to identify patients needing histological evaluation, or, after
prospective studies, those at risk of liver disease progression
and mortality. Furthemrmore, the kinase domain of MERTK may
represent a therapeutic target to inhibit disease progression.

Some limitatdons of this study must be acknowledged, such as
its cross-sectional nature, which makes it impossible to dissect
the tempomal relations between the genetic background and pro-
gression of liver disease over time. A further methodological
question is to what extent these data may be extrapolated to dif-
ferent populations. Dur study included a cobort of talian patients
enrolled at bwo tertiary care centres, which may be different, in
terms of both metabolic features and severity of liver disease,
from the majority of prevalent cases of NAFLD in the general
population andor in different geographical areas. Along this line
another potental limitation is related to the relative heterogene-
ity of the study cohorts, relative to the different prevalence of
metabolic comorbidities and of severity of liver damage between
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5. SUMMARY AND GENERAL DISCUSSION

In chapter 2, we evaluated a prospective cohort of 349 patients with compensated HCV
cirrhosis, treated with Peg-Interferon alfa-2b and ribavirin.

Among 349 patients, the AA rs4374383 genotype was reported in 16.9%, the GA genotype
in 46.4% and the GG genotype in 36.9%. Of whole cohort, only 87 patients achieved a Sustained
Virological Response (SVR).During follow-up, 6.8% of the patients with SVR and 25.2% of
those without SVR developed HCC.

The variables independently associated to development of HCC were the age (HR:1.04), the
absence of SVR (HR:3.31) and the genotype AA of rs4374383 SNP (HR:2.67) (Tab. 1).

= =
No HCC HCC
277 pts(79.4%)| 72 pts (20.6%)| pvalue | Adjusted HR (95%Cl) p value
Age (years, mean, SD) 57.7+9.0 60.3+6.8 0.008 |1.04(1.01-1.07) 0.045
Gender (% males) 168 (60.6%) 49 (68.1%) 0.248
ALT(1U/L, mean, SD) 1482+868 |1400+748 |0557
GGT (1U/L, mean, SD) 79.1+429 95.6+62.8 0.025 [1.14(1.20-1.37) 0.008
Platelets (x10%/L) 1155458 1065+ 442 |0.135
‘| Prothrombin time (mean.SD) [55.4213.2 85.8+16.7 0.230
Bilirubin (mg/dL, mean,SD) 1.0+05 1.0+06 0.718
Albumin (g/dL, mean, SD) 40+05 39405 0.061 |0.89(0.51-1.57) 0.689
MERTK polymorphism (*)
SNP GG 111 (40.0%) 17 (23.6%)
AG 127 (45.8%) 35(48.6%) 1.74(0.95- 3.18) 0.072
AA 39(14.2%) 20(27.8%) 0.005 |2.67(1.36-5.23) 0.004
Esophageal varices 136 (49.1%) 41 (56.9%) 0.282
|NoSVR 196 (70.8%) 66 (91.7%) <0.001 |3.31(1.43-7.68) 0.005 |

Table 1. Risk factors for HCC by Cox multivariate model.

By evaluating the incidence of HCC, according to SVR and genotypes of rs4374383 SNP,
we have been found that the risk of developing HCC was higher in the patients with HCV
cirrhosis, non responders to antiviral therapy and carrying genotype AA compared with whose

without SVR and with genotype GG or GA (Fig. 6).
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Figure 6. Incidence of HCC in HCV cirrhosis according to SVR and genotypes of the SNP
rs4374383 in the MERTk gene.

This study showed that the AA genotype of MERTK if on one the hand confers a low risk of
developing fibrosis, on the other is associated with a high risk of HCC development.

MerTK receptor is a regulator of tumor-associated macrophages (TAMs)involved not only
in efferocytosis but also in the progression of cancer (Mantovani a., et al., 2011).To comprise if
the association between MERTK polymorphism and HCC development was virus-dependent or
was related to the inflammatory response and to mechanisms of angiogenesis or tumorigenesis,
we studied patients with chronic liver disease from etiology other than HCV infection.

For this purpose, in chapter 3, we evaluated MERTK polymorphism in a cohort of 554 patients
with chronic HBV infection, at first presentation. The DNA of only 327 patients was available
for genotyping.

Among 327 HBV patients, 169 presented a chronic hepatitis (CHB), 133 were cirrhotic whereas
the remaining 25 showed HCC.

The distribution of the rs4374383 genotypesamong the 302 patients without HCC was
respectively: 14.8% AA genotype, 44.4% AG genotype and 40.8% GG genotype.In the 25
patients with HCC at baseline, 3 (12%) were GG and 22 (88%) were GA or AA.

Between the 327 patients, only 248 were given long term treatment with NUCs; among
these, during follow-up, 30 (26.7% and 73.3% respectively with GG and with GA/AA genotype)
developed HCC whereas the remaining 218 (46.3% and 53.7% respectively with GG and
GA/AA genotype) not developed the cancer.

By evaluating the incidence of HCC, in according to the disease stage and the genotypes of
rs4374383 SNP, the probability of HCC development is higher in the patients with LC and
genotypeAA/GA respect to patients with LC and genotype GG.
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In addition, the incidence of HCC development in CHB patients without cirrhosis and with

GA/AA or GG genotype respectively was lower and similar respect to those with cirrhosis (Fig.

7).
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Figure 7: Incidence of HCC in patients with chronic HBV infection, according to disease stage and
genotypes of the SNP rs4374383 in the gene MERTK.

Thus, the A allele, in homoor in eterozygosity, confers a significant additional risk for HCC
developing in patients with chronic HBV infection, especially in presence of cirrhosis.

These results confirm that the association between MERTK polymorphism and HCC is
virus-independent and correlates with the inflammatory response and probably with the
mechanisms of angiogenesis and tumorigenesis.

In addition, we have been found that, if on one hand, AA/GA genotype of rs4374383 SNP,
is protective respect tofibrosis progression(Patin et al., 2012), on the other the A allele alone
confers a significant additional risk for HCC.

Since the inflammatory status is a feature of chronic liver disease and of its complications,
in chapter 4,we investigated about the possible influence of MERTK gene polymorphism on the
progression of fibrosis and its complicationsin two combined cohorts of 533 patients with
NAFLD. In addition, in one subgroup of NAFLD we investigated the MERTK liver expression
and in murine models of fibrogenesis the MERTK expression in human HSC.

Among 533 patients,who were been underwent liver biopsy for suspected NASH without
severe obesity, 37.6% presented GG genotype, 47.8% GA genotype and 14.6% AA genotype.

A significant fibrosis was observed only in 19.2 % of patients with AA genotype respect to
30.3% of those which presented GG or GA genotype. The AA genotype was associated also with
clinically significant fibrosis and histological features of NASH (7able 2).

About the severe fibrosis (F3-F4) as histological outcome, the AA genotype was associated

with a lower prevalence of F3-F4 fibrosis and NASH.
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The prevalence of NASH was not affected by MERTK genotype: indeed, NASH was
observed in 39.7% of patients with AA genotype and in 44.2% of those with GG or GA
genotype (Table 2).

Severe steatosis was observed in 7.7% of patients with AA genotype against the 21% of
those with GG or GA genotype (Table 2). This result suggests that, in NAFLD, the AA genotype
can represent a moderator of the effect of the other risk factors (e.g. immune response, apoptosis
and hereditability such as PNPLA3 rs738409 C>G gene ) that influence the severity of steatosis
(Petta S, et al., 2015).

Combined conoet [n = 533)
MERTK G&/ MERTKAA  pvalue

=) N=Ta
M= 455

Mearn age, yT 485+ 118 4732131 058
Male gander E1.1 57.7 0.56
Mean BMI, kgim? 9.9+ 50 205248 0.48
ALT, WL EB2:450  B4T:TZI 028
Type 2 diabates 171 126 034
Chalesiarol, mgidl 412438 21242476 014
HOL cholastaral, mgid 481+14F7  516:165 017
Triglycerides, mgidl 14562807 1423:768 074
Biood giucosa, mgid] G7B+281 0042355 072
Insui, pLymI 164+ 102  166+34 080
HOMA score 415+ 336  436:330 062
PNPLAZ GG 150 115 0.42
PNPLA CCICGIGSE 40444 G50 44843615 054
TMESF2 CTITT 13.8 142 0.9
Histology

Lobular infammation 2-3 722 154 o017

Bafloning 1-2 51.8 525 0.52

Stealosis grade 3 0.9 77 0.008

NASH 442 387 0.46

Finosis siage 2-4 0.3 8.2 0.04

I, international umits; HOMA, homesos s is mode xssscment; HDL, high density
lipoprotein. [ata are given as mean & standard deviation, ar as percentage of
ames [T

Table 2. Baseline demographic, laboratory, metabolic and histological features of Italian
patients, according to MERTK genotype.

The hepatic expression of MERTK, was evaluated in 94 morbid obese consecutive patients
from Northern Italy.Among these, 13.8%, characterized by very low prevalence of F2-F4
fibrosis, showed the protective AA genotype which was associated with lower MERTK
expression levels (Petta S, et al., 2015) (Fig. 8).
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Figure 8.Prevalence of F2-F4 fibrosis and MERTK expression levels in relationship with
the genotype MERTK in 94 morbid obese patients from Northern Italy.

Similarly, in 80 NAFLD patients from the Southern Italian cohort, 15% of subject carrying
AA genotype, showedlower MERTK expression associated to very low prevalence of F2-F4
fibrosis, compared with all the others (Petta S, et al., 2015) (Fig.9).

p=0.02

1. . l
LA GA+HGEG
n=12 n=68

MERTK mRNA levels (AU)

NAFLD, Southemn Italy

Figure 9.Prevalence of F2-F4 fibrosis and MERTK expression levels in relationship with
the genotype MERTK in 80 NAFLD patients from Southern Italian cohort.

Finally, to establish a possible link between MERTK expression and fibrogenesis in
NAFLD, the hepatic MERTK expression was assessed in function of fibrosis severity in 27
patients from the FLIP cohort and in the same Southern Italian cohort of 80 patients NAFLD.

In both FLIP and Southern Italian cohorts, the patients with F3-F4 fibrosis showed
significantly higher MERTK mRNA levelsthan those with FO-F1 (Fig. 10 and 11).
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Figure 10. Relationship between MERTK expression and fibrogenesis in 27 patients from
FLIP cohort.
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Figure 11. Relationship between MERTK expression and fibrogenesis in 80 NAFLD

patients from Southern Italian cohort.

We also investigated the expression of MERTK in two murine models of fibrogenesis.
In the first model, after a 6-week administration of CCl4, the hepatic expression of MERTK

was more 6-fold higher than in control mice (Fig.12).

mANA MLRTE expresson
{Fald increass)
1

L

T

0oL |rved] (= L) L]

Figure 12. MERTK mRNA levels in a well-established model of fibrogenesis in mouse after
administration of CCI4.

Similarly, in the second model, after a 8-week administration of a MCD diet, the hepatic

expression of MERTK increased 2.5-fold (Fig. 13).
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Figure 13.MERTK mRNA levels in a well-established model of fibrogenesis in mouse after
administration of a MCD diet.

The high degree of MERTK expression in these murine models provide additional support
to the profibrogenic role of MERTK in a context where are involved metabolic and
inflammatory pathways (Petta S, et al., 2015).

In addition to these results, we analyzed if the MERTK mRNA expression was followed by
its production, in terms of protein, and if MerTK was able to modify the fibrogenic phenotype of
these cells. The immune-precipitation of the lysates of the HSC with anti-MERTK antibodies
and blotting for MERTK, revealed a clear band of the expected molecular weight, which was not

present when lysates were incubated with control antibodies (Fig. 14).

asp MERTK

250 kDa ——

140 kDa MERTK
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Figure 14. Activation of MERTK in cultured human HSC.

To comprise the effect of this activation, we exposed human HSCs, activated by culture on

plastic, to Gas6. This exposure induced a rapid increase of the activation of ERK1/2 (Fig. 15).
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Figure 14. Exposure of human HSC at Gas6 and induction of the increase of the activation,
of ERK1/2.

The Exposure to Gas6 resulted also in an increase in cell migration indicating that, culture-

activated HSC, express functional MERTK(Fig. 135).
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Figure 15. The increase of the cell migration after exposure to Gasé.
We next evaluated the specificity of effects of Gas6 using UNC569, a specific small

molecule inhibitor of MERTK. In HSCs, co-treated with UNC5669, the induction of cell

migration that we had obtained in response to Gas6 was reverted (Fig. 164).
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Figure 16A. Induction of cell migration in response to Gas6 (dark columns) and reversion

in HSC co-treated with UNC569 (light columns).
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The exposure of HSCs to UNC569 resulted also in a significant decreasing in cell viability,

indicating that MERTK is involved also in the maintenance of survival of the fibrogenic cells
(Fig.17B).
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Figure 17B. Exposure of HSC to UNC569 and significant decrease in cell viability.

To exclude that the effects of UNC569 were due to a non-specific inhibition of other
molecules, we silenced MERTK using specific siRNA. Also with this approach, the viability of
HSCs was significantly reduced, replicating the effects of UNC569 (Fig.17C).
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Figure 17C. Silencing of MERTK using specific siRNAs and reduction of HSC viability.

To establish if the reduction of cell viability was due to the program of cell death, HSCs
were exposed to increasing concentrations of UNC569. The treatment with UNC569 resulted in
the cleavage of PARP and the generation of active caspase-3, compatible with the induction of
the apoptosis of HSC. Similar result was obtained in Huh-7 cells, used as a positive control,

treated with doxorubicin (Fig. 17D).
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Figure 17D. Cleavage of PARP and generation of active caspase-3 after exposure of HSC
and Huh-7 cells respectively to UNC569 and doxorubicin.

Finally, to investigate about the profibrogenic role of MERTK, HSC were stimulated with
Gas6 and were assayed for gene expression of procollagen I, in presence or absence of UNC569.

Gas6, slightly but significantly, increased the expression of procollagen I. These effects
were inhibited when HSCs were co-exposed to UNC569 indicating that the effects of Gas6 are
mediated by MERTK (Fig. 17E).
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Figure 17E. Procollagen I gene expression in presence or absence of UNC569.

It is clear from these results the crucial role played from MERTK in influencing the
development of fibrosisand the progression of chronic liver disease (Petta S, et al., 2015).

The results obtained from the murine models, showed that MerTK is expressed in human
HSC and acts directly on this cells by inducing the their activation, by supporting the their
survival, by increasing their migration and by inducing the expression of profibrogenic genes,
such as procollagene I gene (Petta S, et al., 2015).

In addition, we found that the AA genotypes of MERTK, associated with lower MERTK
hepatic expression, is protective against F2-F4 fibrosis in patients NAFLD and is able to
condition the progression of this chronic liver disease(Petta S, et al., 2015).
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In contrast, the GG genotype has been associated with the fibrotic phenotype in NAFLD,
showing a potential direct profibrogenic action.

MerTK is one of the three RTKs of TAM family, is expressed predominantly in M2 cells
and acts inhibiting the inflammatory responses and controlling the tissue tolerance (Rothlin CV,
et al.,, 2007; Beherens DK, et al., 2003). In particular, MerTK plays a functional role in the
clearance of apoptotic cells and this function is restricted to a subset of M2 macrophages, named
M2c, that are characterized by secretion of IL-10 and up-regulation of MerTK. In addition, the
M2 differentiation is a key process that regulates inflammation and fibrosis (Smith W, et al.,
1998). In chronic disease such as NAFLD, these macrophages play a crucial role to promote the
HSCs differentiation in the myofibroblastic phenotype and the fibrogenesis, through MerTK.

Gas6, together with the other ligands, binds MerTK and induces its dimerization and
autophosphorylation, activating the downstream signaling (Linger RM, et al., 2008; Braunger J,
et al., 1997). Several pathways including PI3-kinase/AKT/Bcl2(survival) and ERK
(proliferation). In addition, MerTK suppresses TLR signaling and down-regulates the production
of pro-inflammatory cytokines through the phosphorylation of STATI that promotes the
induction of SOCS-1 and SOCS-3. (Rothlin CV, et al., 2007; Linger RM, et al., 2008).

Normally, MerTK releases factors involved in tissue remodeling, immune
responsesuppression and in tumor-promoting(Mantovani A, et al., 2002; Pollard JW, et al.,
2004).

However how MerTK is able to conditioning the progression of liver disease remain
unknown.

The rs4374383 SNP of MERTK gene is an intronic mutation, that usually creates an
alternative splicing site responsible ofthe production of an alternative mature mRNAthat can lead
to a splicing variant loss or gain of fuction.

Indeed, the results of this genetic study are not able to givefinal information about the
functional mechanism that links MERTK and progression of liver disease especially in
neoplastic direction. However, from clinical perspective, it gives a strong suggestion to usethe
154374383 SNP of MERTK as a genetic biomarker useful to identify the patients with high risk

of chronic liver disease progression in order to carry out a more stringent monitoring.

55



References

. Ablin J, Verbovetski I, Trahtemberg U, Metzger S, Mevorach D. Quinidine and
procainamide inhibit murine macrophage uptake of apoptotic and necrotic cells: a novel
contributing mechanism of drug- induced- lupus. Apoptosis 2000;10(5):1009-18.

. A-Gonzalez N, Bensinger SJ, Hong C, Beceiro S, Bradley MN, Zel-cer N, Deniz J,
Ramirez C, Diaz M, Gallardo G, De Galarreta CR, Salazar J, Lopez F, Edwards P, Parks J,
Andujar M, Tontonoz P, and Castrillo A. Apoptotic cells promote their own clearance and
immunetolerance through activation ofthen uclear receptor LXR. Immunity. 2009;31(12)245—
258.

. Ahima RS, Lazar MA. Adipokines and the peripheral and neural control of energy
balance. Mol Endocrinol. 2008;22(5):1023-31.

. Akazawa Y, Gores GJ. Death receptor-mediated liver injury. Seminars in liver
disease. 2007;27(4):327-338.

. Allavena P, Sica A, Vecchi A, Locati M, Sozzani S, Mantovani A. The chemokine
receptor switch paradigm and dendritic cell migration: its significance in tumor tissues Immunol
Rev 2000;0ct;177:141-9.

. Alter MJ. The epidemiology of acute and chronic hepatitis C. Clin Liver Dis
1997;1(3): 559-68.

. Arima N, Kao CY, Licht T, Padmanabhan R, Sasaguri Y, Padmanabhan R.
Modulation of cell growth by the hepatitis C virus nonstructural protein NS5A. J Biol Chem
2001;276(16):12675-12684.

. Ascha MS, Hanouneh IA, Lopez R, Tamimi TA, Feldstein AF, Zein NN. The
incidence and risk factors of hepatocellular carcinoma in patients with nonalcoholic
steatohepatitis. Hepatology 2010;51(6):1972-78.

. Avanzi GC, Gallicchio M, Cavalloni G, et al. GAS6, the ligand of Axl and Rse
receptors, is expressed in hematopoietic tissue but lacks mitogenic activity. Exp Hematol
1997;25(12):1219-1226.

. Bataller R, Brenner DA. Liver fibrosis. J Clin Invest 2005;115(2):209-218.

. Bataller R, Paik YH, Lindquist JN, Lemasters JJ, Brenner DA. Hepatitis C virus core
and nonstructural proteins induce fibrogenic effects in hepatic stellate cells. Gastroenterology
2004;126(2):529-540.

. Behrens EM, Gadue P, Gong SY, Garrett S, Stein PL, Cohen PL. The mer receptor
tyrosine kinase: expression and function suggest a role in innate immunity. Eur. J. Immunol.

2003;33(8):2160-2167.

56



. Blobe GC, Schiemann WP, and Lodish HF. Role of transforming growth factor beta
in human disease. N Engl J Med 2000;342(18):1350—1358.

. Bolego C, Cignarella A, Staels B, Chinetti-Gbaguidi G. Macrophage function and
polarization in cardiovascular disease: a role of estrogen signaling? Arterioscler. Thromb. Vasc.
Biol. 2013;33(6):1127-1134.

. Bourd-Boittin K, Basset L, Bonnier D, et al. CX3CL1/fractalkine shedding by
human hepatic stellate cells: contribution to chronic inflammation in the liver. J Cell Mol Med
2009; 13(8A):1526-1535.

. Braunger J, Schleithoff L, Schulz AS, Kessler H, Lammers R, Ullrich A, Bartram
CR, Janssen JW. Intracellular signaling of the Ufo/Axl receptor tyrosine kinase is mediated
mainly by a multi-substrate docking-site. Oncogene 1997;14(22):2619-2631.

. Budhu A, Forgues M, Ye QH, et al. Prediction of venous metastases, recurrence, and
prognosis in hepatocellular carcinoma based on a unique immune response signature of the liver
microenvironment. Cancer Cell 2006;10(2):99-111.

. Budhu A, Wang XW. The role of cytokines in hepatocellular carcinoma. J Leukoc
Biol 2006;80(6):1197-213.

. Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F, Carucci P, et al.
Expanding the natural history of nonalcoholic steatohepatitis: from cryptogenic cirrhosis to
hepatocellular carcinoma. Gastroenterology 2002;123(1):134-140.

. Bugianesi E. Non-alcoholic steatohepatitis and cancer. Clin Liver Dis
2007;11(1):191-207 x-xi.

. Caberoy NB, Zhou Y, Li W. Tubby and tubby-like protein 1 are new MerTK ligands
for phagocytosis. EMBO J 2010;29(23):3898-3910.

. Canbay A, Friedman S, Gores GJ. Apoptosis: the nexus of liver injury and fibrosis.
Hepatology 2004;39(2):273-278.

. Canbay A, Taimr P, Torok N, et al. Apoptotic body engulfment by a human stellate
cell line is profibrogenic. Lab Invest 2003;83(5):655-663.

. Carman WF, Jacyna MR, Hadziyannis S, Karayiannis P, McGarvey MJ, Markis A, et
al. Mutation preventing formation of hepatitis e antigen in patients with chronic hepatitis B
infection. Lancet 1989;Sep9,2(8663):588—591.

. Carroll K, Gomez C, Shapiro L. Tubby proteins: the plot thickens. Nat Rev Mol Cell
Biol 2004;5(1):55-63.

. Cassiman D, Libbrecht L, Desmet V, Denef C, Roskams T. Hepatic stellate
cell/myofibroblast subpopulations in fibrotic human and rat livers. J Hepatol 2002;36(2):200—
2009.

57



. Charlton M. Hepatitis C infection in liver transplantation. Am J Transplant

2001;1(3):197-203[1-3].

. Chisari FV. Hepatitis B virus transgenic mice: insights into the virus and the disease.
Hepatology 1995;22(4 Part 1):1316-25.
. Chomarat P, Banchereau J, Davoust J, Palucka AK. IL-6 switches the differentiation

of monocytes from dendritic cells to macrophages, Nat. Immunol 2000;1(6):510-514.

. Clouston AD, Jonsson JR, Purdie DM, Macdonald GA, Pandeya N, Shorthouse C,
Powell EE. Steatosis and chronic hepatitis C: analysis of fibrosis and stellate cell activation. J
Hepatol 2001;34(2):314-320.

. Cook RS, Jacobsen KM, Wofford AM, DeRyckere D, Stanford J, Prieto AL, Redente
E, Sandahl M, Hunter DM, Strunk KE, Graham DK, Earp HS 3rd. MerTK inhibition in tumor
leukocytes decreases tumor growth and metastasis. J. Clin. Invest 2013;123(8):3231-3242.

. Cote PJ, Korba BE, Miller RH, Jacob JR, Baldwin BH, Hornbuckle WE, et al.
Effects of age and viral determinants on chronicity as an outcome of experimental woodchuck
hepatitis virus infection. Hepatology 2000;31(1):190-200.

. Coulon S, Heindryckx F, Geerts A, et al. Angiogenesis in chronic liver disease and
its complications. Liver Int 2011;31(2):146—62.

. Day CP, James OF. Hepatic steatosis: innocent bystander or guilty party?
Hepatology 1998;27(6):1463—6.

. Day CP, James OF. Steatohepatitis: a tale of two “hits”? Gastroenterology
1998;114(4):842-845.

. Day CP. Non-alcoholic steatohepatitis (NASH): where are we now and where are we
going? Gut 2002;50(5):585-588.

. De Bleser PJ, Xu G, Rombouts K, Rogiers V, Geerts A. Glutathione levels
discriminate between oxidative stress and transforming growth factor-beta signaling in activated
rat hepatic stellate cells. J Biol Chem 1999;247(48):33881-33887.

. De Minicis S, Svegliati-Baroni G. Fibrogenesis in nonalcoholic steatohepatitis.
Expert Rev Gastroenterol Hepatol 2011;5(2):179-87.

. Di Bisceglie, A.M. &Hoofnagle, J.H. Optimal therapy of hepatitis C. Hepatology
2002;36(5 Suppl 1)S121-7.

. Dooley S, Delvoux B, Streckert M, Bonzel L, Stopa M, ten Dijke P, and Gressner
AM Transforming growth factor beta signal transduction in hepatic stellate cells via Smad2/3
phosphorylation, a pathway that is abrogated during in vitro progression to myofibroblasts:
TGFbeta signal transduction during transdifferentiation of hepatic stellate cells. FEBS Lett
2001;502(1-2):4-10.

58



. EASL International Consensus Conference on Hepatitis B. Consensus statement. J
Hepatol 2003;38(4):533-540.

. Eng FJ, and Friedman SL. Fibrogenesis I. New insights into hepatic stellate cell
activation: The simple becomes complex. Am J Physiol Gastrointest Liver Physiol
2000;279(1):G7- G11.

. Fadok VA, Bratton DL, Konowal A, Freed PW, Westcott JY, Henson PM.
Macrophages that have ingested apoptotic cells in vitro inhibit proinflammatory cytokine
production through autocrine/paracrine mechanisms involving TGF-beta, PGE2, and PAF. J Clin
Invest 1998;101(4):890-898.

. Fadok VA, Voelker DR, Campbell PA, Cohen JJ, Bratton DL, and Henson PM,.
Exposure of phosphatidylserine on the surface of apoptotic lymphocytes triggers specific
recognition and removal by macrophages. J. Immunol 1992;148(7)2207-2216.

. Fadok VA, Warner ML, Bratton DL, Henson PM. CD?36 is required for phagocytosis
of apoptotic cells by human macrophages that use either a phosphatidylserine receptor or the
vitronectin receptor (alpha v beta 3). J Immunol 1998;161(11):6250-6257.

. Faouzi S, Burckhardt BE, Hanson JC, Campe CB, Schrum LW, Rippe RA, Maher JJ.
Anti-Fas induces hepatic chemokines and promotes inflammation by an NF- kappa B-
independent, caspase-3-dependent pathway. J Biol Chem 2001;276(52):49077-49082.

. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular carcinoma in cirrhosis:
incidence and risk factors. Gastroenterology 2004;127(Suppl 1):S35-50.

. Faubion WA, Gores GJ. Death receptors in liver biology and pathobiology.
Hepatology. 1999;29(1):1-4.

. Feldstein AE, Canbay A, Angulo P, Taniai M, Burgart LJ, Lindor KD, Gores GJ.
Hepatocyte apoptosis and fas expression are prominent features of human nonalcoholic
steatohepatitis. Gastroenterology 2003;125(2):437—443.

. Feldstein AE, Werneburg NW, Canbay A, Guicciardi ME, Bronk SF, Rydzewski R,
et al. Free fatty acids promote hepatic lipotoxicity by stimulating TNF-alpha expression via a
lysosomal pathway. Hepatology 2004;40(1):185-94.

. Fernandez-Boyanapalli RF, Frasch SC, Mcphillips K, Vandivier RW, Harry BL,
Riches DW, Henson PM, and Bratton DL,. Impaired apoptotic cell clearance in CGD due to
altered macrophage programming is reversed by phosphatidylserine- dependent production of

IL-4. Blood 2009;113(9):2047-2055.

. Finnemann SC. Focal adhesion kinase signaling promotes phagocytosis of integrin-
bound photoreceptors. EMBO J 2003;22(16):4143—4154.
. Friedman SL,. Molecular regulation of hepatic fibrosis, an integrated cellular

response to tissue injury. J Biol Chem 2000;275(4):2247-2250.

59



. Friedman SL. Cytokines and fibrogenesis Semin. Liver Dis 1999;19(12):129-140.

. Friedman SL. The cellular basis of hepatic fibrosis. Mechanisms and treatment
strategies. N Engl J Med. 1993;328(25):1828-35.

. Ganem D, Prince AM. Hepatitis B virus infection—natural history and clinical
consequences. N Engl J] Med 2004;350(11):1118-1129.

. Garcia-Trevijano ER, Iraburu MJ, Fontana L, Dominguez-Rosales JA, Auster A,
Covarrubias-Pinedo A, Rojkind M. Transforming growth factor betal induces the expression of
alphal(I) procollagen mRNA by a hydrogen peroxide-C/EBPbeta-dependent mechanism in rat
hepatic stellate cells. Hepatology 1999;29(3):960-970.

. Geng X, Harry BL, Zhou Q, Skeen-Gaar RR, Ge X, Lee ES, Mitani S, Xue D.
Hepatitis B virus X protein targets the Bcl-2 protein CED-9 to induce intracellular Ca2+ increase
and cell death in Caenorhabditis elegans. Proc. Natl. Acad. Sci USA 2012;109(45):18465—
18470.

. George J, Roulot D, Koteliansky VE, and Bissell DM In vivo inhibition of rat stellate
cell activation by soluble transforming growth factor beta type II receptor: A potential new
therapy for hepatic fibrosis. Proc Natl Acad Sci USA 1999;96(22):12719-12724.

. Gong G, Waris G, Tanveer R, Siddiqui A. Human hepatitis C virus NS5A protein
alters intracellular calcium levels, induces oxidative stress, and activates STAT-3 and NF-kappa
B. Proc Natl Acad Sci U S A 2001;98(17):9599-9604.

. Goossens Nicolas and Yujin Hoshida. Clinical and Molecular Hepatology
2015;21(2):105-114.

. Gordon S. Alternative activation of macrophages. Nat Rev Immunol 2003;3(1):23—
35.

. Gregory CD, Devitt A. The macrophage and the apoptotic cell: an innate immune
interaction viewed simplistically? Immunology 2004;113(1):1-14.

. Gressner AM, Weiskirchen R, Breitkopf K, Dooley S. Roles of TGF-beta in hepatic
fibrosis. Front Biosci 2002;7:d793—-d807.

. Hadziyannis SJ, Vassilopoulos D. Immunopathogenesis of hepatitis B e antigen
negative chronic hepatitis B infection. Antiviral Res 2001;52(2):91-98.

. Hadziyannis SJ. Natural history of chronic hepatitis B in Euro-Mediterranean and
African Countries. J Hepatol 2011;Jul;55(1):183-91.

. Hanahan D, Coussens LM. Accessories to the crime: functions of cells recruited to
the tumor microenvironment. Cancer Cell 2012;21(3):309-22.

. Hayashi N, Mita E. Involvement of Fas system-mediated apoptosis in pathogenesis

of viral hepatitis. J Viral Hepat 1999;6(5):357-65.

60



. Heeb MJ, Mesters RM, Tans G, Rosing J, Griffin JH. Binding of protein S to factor
Va associated with inhibition of prothrombinase that is independent of activated protein C. J Biol
Chem 1993;268(4):2872-2877.

. Heeb MJ, Rosing J, Bakker HM, Fernandez JA, Tans G, Griffin JH. Protein S binds
to and inhibits factor Xa. Proc Natl Acad Sci USA 1994;91(7):2728-2732.

. Hellerbrand, C, Stefanovic B, Giordano F, Burchardt ER, and Brenner DA. The role
of TGFbetal in initiating hepatic stellate cell activation in vivo.J. Hepatol 1999;30(1):77-87.

. Helm O, Held-Feindt J, Grage-Griebenow E, Reiling N, Ungefroren H, Vogel I,
Kruger U, Becker T, Ebsen M, Rocken C, Kabelitz D, Schafer H, Sebens S. Tumor-associated
macrophages exhibit pro-and anti-inflammatory properties by which they impact on pancreatic
tumorigenesis. Int. J. Cancer 2014;135(4):843-861.

. Henderson NC, Arnold TD, Katamura Y, Giacomini MM, Rodriguez JD, McCarty
JH, et al. Targeting of alphav integrin identifies a core molecular pathway that regulates fibrosis
in several organs. Nat Med 2013;19(12):1617-1624.

. Henson P, Hume D. Apoptotic cell removal in development and tissue homeostasis.
Trends Immunol 2006;27(5):244-250.

. Henson PM, Bratton DL, Fadok VA. Apoptotic cell removal. Curr. Biol
2001;(11)R795-R805.

. Herzer K, Sprinzl MF and Galle Peter R. Hepatitis viruses: live and let die. Liver
Int.2007;Apr;27(3):293-301.

. Hiramatsu N, Hayashi N, Katayama K, et al. Immunohistochemical detection of Fas
antigen in liver tissue of patients with chronic hepatitis C. Hepatology 1994;19(6):1354-9.

. Hoofnagle JH. Course and outcome of hepatitis C. Hepatology2002;36(5 Suppl
1):S21-S29.

. Hu W, Feng Z, Eveleigh J, Iyer G, Pan J, Amin S, et al. The major lipid peroxidation
product, trans-4-hydroxy-2-nonenal, preferentially forms DNA adducts at codon 249 of human
pS3 gene, a unique mutational hotspot in hepatocellular carcinoma. Carcinogenesis
2002;23(11):1781-1789.

. Hu W, Feng Z, Eveleigh J, Iyer G, Pan J, Amin S, et al. The major lipid peroxidation
product, trans-4-hydroxy-2-nonenal, preferentially forms DNA adducts at codon 249 of human
pS3 gene, a unique mutational hotspot in hepatocellular carcinoma. Carcinogenesis
2002;23(11):1781-1789.

. Huang Y, Tai AW, Tong S, Lok AS. HBV core promoter mutations promotecellular
proliferation through E2F1-mediated upregulation of S-phase kinaseassociated protein 2

transcription, J. Hepatol 2013;58(6):1068-73).

61



. Hubbard SR, Mohammadi M, Schlessinger J. Autoregulatory mechanisms in protein-
tyrosine kinases. J Biol Chem 1998;273(20):11987-11990.

. Hui L, Zatloukal K, Scheuch H, Stepniak E, Wagner EF. Proliferation of human
HCC cells and chemically induced mouse liver cancers requires JNKI-dependent p21
downregulation. J Clin Invest 2008;118(12):3943-3953.

. Hume DA, Differentiation and heterogeneity in the mononuclear phagocyte system.
Mucosal Immunol. 1 2008;(6):432—441.

. Hurtado B, Abasolo N, Mun~oz X, et al. Association study between polymorphims in
GAS6-TAM genes and carotid atherosclerosis. Thromb Haemost 2010;104(3):592-598.

. Hurtado B, Munoz X, Recarte-Pelz P, Garcia N, Luque A, Krupinski J, Sala N,
Garcia de Frutos P.GAS6 and protein S and the TAM receptor tyrosine kinases in human
atherosclerotic carotid plaques. Thromb Haemost 2011;105(5):873-882.

. Ikejima K, Okumura K, Kon K, Takei Y, Sato N. Role of adipocytokines in hepatic
fibrogenesis. J Gastroenterol Hepatol 2007;22(Suppl 1):S87-92.

. Jang ES, Lee JH, Kim JK, Kim W, Seo WH, Lee K, Mori K, Nakao K, Suk K.
Secreted protein lipocalin-2 promotes microglia | M1 polarization. FASEB J 2013;27(3):1176-
1190.

. Jiang JX, Mikami K, Venugopal S, Li Y, Torok NJ. Apoptotic body engulfment by
hepatic stellate cells promotes their survival by the JAK/STAT and Akt/NF-kappaB-dependent
pathways. J Hepatol 2009;51(1):139-148.

. Jiang R, Tan Z, Deng L, et al. Interleukin-22 promotes human hepatocellular
carcinoma by activation of STAT3. Hepatology 2011;54(3):900-9.

. Joo M, Hahn YS, Kwon M, Sadikot RT, Blackwell TS, Christman JW. Hepatitis C
virus core protein suppresses NF-kappaB activation and cyclooxygenase-2 expression by direct
interaction with IkappaBkinase beta. J Virol 2005;79(12):7648-7657.

. Jou J, Choi SS, Diehl AM. Mechanisms of disease progression in nonalcoholic fatty
liver disease. Semin Liver Dis 2008;28(4):370-9.

. Ke W, Kryczek I, Chen L, Zou W, and Welling TH. “Kupffer cell suppression of
CD8+ T cells in human hepatocellular carcinoma is mediated by B7-H1/programmed death-1
interactions”. Cancer Research 2009;vol. 69(20):8067-8075.

. Keasler VV, Hodgson AJ, Madden CR, Slagle BL. Hepatitis B virus HBx protein
localized to the nucleus restores HBx-deficient virus replication in HepG2 cells and in vivo in
hydrodynamically-injected mice. Virology 2009;390(1):122—-129.

. Keating AK, Kim GK, Jones AE, Donson AM,Ware K,Mulcahy JM, Salzberg DB,

Foreman NK, Liang X, Thorburn A, et al. Inhibition of Mer and AxI receptor tyrosine kinases in

62



astrocytoma cells leads to increased apoptosis and improved chemosensitivity. Mol Cancer Ther
2010;9(5):1298-1307.

. Kerr J.F, Wyllie AH, Currie AR. Apoptosis: a basic biological phenomenon with
wide-ranging implications in tissue kinetics. Br J Cancer 1972;26(4):239-257.

. Khattar E, Mukherji A, Kumar V,. Akt augments the oncogenic potential of the HBx
protein of hepatitis B virus by phosphorylation. FEBS J 2012;279(7):1220-1230.

. Kim HR, Lee SH, Jung G. The hepatitis B viral X protein activates NF-kappaB
signalling pathway hrough the up-regulation of TBK1. FEBS Lett 2010;584(3):525-30.

. Knowles HJ, Harris AL. Macrophages and the hypoxic tumor microenvironment.
Front. Biosci 2007;12:4298-4314.

. Koike K, Moriya K. Metabolic aspects of hepatitis C: steatohepatitis distinct from
NASH. J. Gastroenterol 2005;40(4):329-36.

. Koike K. Hepatitis C virus contribuites to hepatocarcinogenesis by modulating
metabolic and intracellular signaling pathways. Journal of gastroenterology and Hepatology
2007;22 Suppl 1:S108-S111.

. Kris VK. Iron, hemochromatosis, and hepatocellular carcinoma. Gastroenterology
2004;127(5 Suppl 1):S79-S86.

. Kuang DM, Zhao Q, Peng C,. et al., “Activated monocytes in peritumoral stroma of
hepatocellular carcinoma foster immune privilege and disease progression through PD-L1”. The
Journal of Experimental Medicine 2009;206(6):1327—-1337.

. Lauber K, Bohn E, Krober SM, et al. Apoptotic cells induce migration of phagocytes
via caspase-3-mediated release of a lipid attraction signal. Cell 2003;113(6):717-730.

. Lee YA, Wallace MC, Friedman SL. Pathobiology of liver fibrosis: a translational
success story. Gut 2015;64(5):830-841.

. Leek RD, Talks KL, Pezzella F, Turley H, Campo L, Brown NS, et al. Relation of
hypoxia-inducible factor-2 alpha (HIF-2 alpha) expression in tumor-infiltrative macrophages to
tumor angiogenesis and the oxidative thymidine phosphorylase pathway in Human breast cancer.
Cancer Res 2002;62(5):1326-9.

. Lemke G, Rothlin CV. Immunobiology of the TAM receptors. Nat Rev Immunol
2008;8(5):327-336.

. Lerat H, Honda M, Beard MR, Loesch K, Sun J, Yang Y, Okuda M, Gosert R, Xiao
SY, Weinman SA, Lemon SM. Stestosis and liver cancer in transgenic mice expressing the
structural and nonstructural proteins of hepatitis C virus. Gastroenterology 2002;122(2):352-365.

. Lewis CE, Leek R, Harris A, McGee JO,. Cytokine regulation of angiogenesis in
breast cancer: the role of tumor-associated macrophages, J. Leukoc. Biol 1995;57(5):747-751.

63



. Lewis CE, Pollard JW. C. E. Lewis and J. W. Pollard, “Distinct role of macrophages
in different tumor microenvironments”. Cancer Research 2006;66(2):605-612.

. Li M, Flavell R. Contextual regulation of inflammation: a duet by transforming
growth factor-beta and interleukin-10. Immunity 2008;28(4):468—476.

. Li XD, Sun L, Seth RB, Pineda G, Chen ZJ. Hepatitis C virus protease NS3/4A
cleaves mitochondrial antiviral signaling protein off the mitochondria to evade innate immunity.
Proc Natl Acad Sci U S A 2005;102(49):17717-17722.

. Liao D, Wang X, Li M, Lin PH, Yao Q, Chen C. Human protein S inhibits the
uptake of AcLDL and expression of SR-A through Mer receptor tyrosine kinase in human
macrophages. Blood 2009;113(1):165-174.

. Lijnen HR, Christiaens V, Scroyen L. Growth arrestspecific protein 6 receptor
antagonism impairs adipocyte differentiation and adipose tissue development in mice. J
Pharmacol Exp Ther 2011;337(2):457-464.

. Lin W, Tsai WL, Shao RX, Wu G, Peng LF, Barlow LL, et al. Hepatitis C virus
regulates transforming growth factor betal production through the generation of reactive oxygen
species in a nuclear factor kappaB-dependent manner. Gastroenterology 2010;138(7):2509-18,
2518.el.

. Linger R. M., Keating A. K., Earp H. S., Graham D. K. TAM receptor tyrosine
kinases: biologic functions, signaling, and potential therapeutic targeting in human cancer. Adv.
Cancer Res 2008;100:35-83.

. Liu CY, XuJ Y, Shi XY, Huang W, Ruan TY, Xie P, Ding JL. M2-polarized tumor-
associated macrophages promoted epithelial-mesenchymal transition in pancreatic cancer cells,
partially through TLR4/IL-10 signaling pathway. Lab. Invest 2013;93(7):844-854.

. Liu S, Yang W, Shen L, Turner JR, Coyne CB, Wang T. Tight junction proteins
claudin-1 and occluding control hepatitis C virus entry and are downregulated during infection to
prevent superinfection. J. virol 2009;83(4):2011-14.

. Lu P, Weaver VM, Werb Z. The extracellular matrix: a dynamic niche in cancer
progression. J Cell Biol 2012;196(4):395-406.

. Lu Q, Gore M, Zhang Q, Camenisch T, Boast S, Casagranda F, Lai C, Skinner MK,
Klein R, Matsushima GK, Earp HS, Goff SP, Lemke G. Tyro-3 family receptors are essential
regulators of mammalian spermatogenesis. Nature 1999;398(6729):723—728.

. Lu Q, Lemke G. Homeostatic regulation of the immune system by receptor tyrosine
kinases of the Tyro 3 family. Science 2001;293(5528):306-311.

. Luedde T, Beraza N, Kotsikoris V, van Loo G, Nenci A, De Vos R, et al. Deletion of
NEMO/IKKgamma in liver parenchymal cells causes steatohepatitis and hepatocellular

carcinoma. Cancer Cell 2007;11(2):119-132.

64



. Luke AJ, O’Neill. TAMpering with Toll-like receptor signaling. Cell
2007;131(6):1039-41.

. Maeda R, Ishii G, Neri S, Aoyagi K, Haga H, Sasaki H, Nagai K, Ochiai A.
Circulating CD14+ CD204+ Cells Predict Postoperative Recurrence in Non-Small-Cell Lung
Cancer Patients. J. Thorac. Oncol 2014;9(2):179—188.

. Maeda S, Kamata H, Luo JL, Leffert H, and Karin M. “IKKbeta couples hepatocyte
death to cytokine-driven  compensatory  proliferation that promotes chemical
hepatocarcinogenesis”. Cell 2005;vol.121,n0.7,pp.977-990.

. Mabher JJ. Interactions between hepatic stellate cells and the immune system. Semin
Liver Dis 2001:21(3):417— 426.

. Maillard C, Berruyer M, Serre CM, Dechavanne M, Delmas PD. Protein-S, a vitamin
K-dependent protein, is a bone matrix component synthesized and secreted by osteoblasts.
Endocrinology 1992;130(3):1599-1604.

. Manfioletti G, Brancolini C, Avanzi G, Schneider C. The protein encoded by a
growth arrest specific gene (gas6) is a new member of the vitamin K-dependent proteins related
to protein S, a negative coregulator in the blood coagulation cascade. Mol Cell Biol
1993;13(8):4976-4985.

. Mantovani A, Allavena P, Sica A, and Balkwill F. Cancer-related inflammation.
Nature 2008;454(7203):436-444.

. Mantovani A, Biswas SK, Galdiero MR, Sica A, Locati M. Macrophage plasticity
and polarization in tissue repair and remodelling. J. Pathol 2013;229(2):176-85.

. Mantovani A, Germano G, Marchesi F, Locatelli M, and Biswas, SK. “Cancer-
promoting tumor-associated macrophages: new vistas and open questions”. European Journal of
Immunology 2011; vol.41,n0.9,pp.2522-2525.

. Mantovani A, Sica A, Locati M. Macrophage polarization comes of age. Immunity
2005;23(4):344-346.

. Mantovani A, Sica A, Sozzani S, Allavena P, Vecchi A, Locati M. The chemokine
system in diverse forms of macrophage activation and polarization. Trends Immunol
2004;25(12):677-86.

. Mantovani A, Sozzani S, Locati M, Allavena P, Sica A. Macrophage polarization:
tumor-associated macrophages as a paradigm for polarized M2 mononuclear phagocytes. Trends
Immunol 2002;23(11):549-55.

. Marchio A, Pineau P, Meddeb M, Terris B, Tiollais P, Bernheim A, et al. Distinct
chromosomal abnormality pattern in primary liver cancer of non- B, non-C patients. Oncogene

2000;19(33):3733-3738.

65



. Marra F, DeFranco R, Grappone C, Milani S, Pastacaldi S, Pinzani M, Romanelli
RG, Laffi G, and Gentilini P. Am. J. Pathol 1998;152(2):423—430.

. Marra F, Gentilini A, Pinzani M, Choudhury GG, Parola M, Herbst H, Dianzani MU,
Laffi G, Abboud HE, and Gentilini P. Gastroenterology 1997;112(4):1297-1306.

. Marra F, Romanelli RG, Giannini C, Failli P, Pastacaldi S, Arrighi MC, Pinzani M,
Laffi G, Montalto P, and Gentilini P. Hepatology 1999;29(1):140-148.

. Marrero JA, Fontana RJ, Su GL, Conjeevaram HS, Emick DM, Lok AS. NAFLD
may be a common underlying liver disease in patients with hepatocellular carcinoma in the
United States. Hepatology 2002;36(6):1349-1354.

. Martinez FO, Sica A, Mantovani A, Locati M. Macrophage activation and
polarization. Front Biosci 2008;13:453-61.

. Matsuzaki K. Modulation of TGF-beta signaling during progression of chronic liver
diseases. Front Biosci 2009;14:2923-2934.

. McColl A, Bournazos S, Franz S, Perretti M, Morgan BP, Haslett C, Dransfield I.
Glucocorticoids induce protein S-dependent phagocytosis of apoptotic neutrophils by human
macrophages. J Immunol 2009;183(3):2167-75.

. Meriden Z, Forde KA, Pasha TL, et al. Histologic predictors of fibrosis progression
in liver allografts in patients with hepatitis C virus infection. Clin Gastroenterol Hepatol
2010;8(3):289-96, 296.¢1-8.

. Micallef JM, Kaldor JM, & Dore GJ. Spontaneous viral clearance following acute
epatiti C infection: a systematic review of longitudinal studies. J. Viral Hepat 2006;13(1):34-41.

. Milich DR. Immune response to hepatitis B virus proteins: relevance of the murine
model. Semin Liver Dis 1991;11(2):93—-112.

. Milich DR. Molecular and genetic aspects of the immune responses to hepatitis B
viral antigens. Adv Exp Med Biol 1989;257:115-133.

. Mita E, Hayashi N, lio S, et al. Role of Fas ligand in apoptosis induced by hepatitis
C virus infection. Biochem Biophys Res Commun 1994;204(2):468—74.

. Moradpour D, Blum HE. A primer on the molecular virology of hepatitis C. Liver Int
2004;24(6): 519-25.

. Moriya K, Fujie H, Shintani Y et al. Hepatitis C virus core protein induces
hepatocellular carcinoma in transgenic mice. Nat. Med 1998;4(9):1065-8.

. Moriya K, Nakagawa K, Santa T et al. Oxidative stress in the absence of
inflammation in a mouse model for hepatitis C virus-associated hepatocellular carcinogenesis.
Cancer Res 2001;61(11):4365-70.

. Moriya K, Nakagawa K, Santa T, Shintani Y, Fujie H, Miyoshi H, Tsutsumi T,
Miyazawa T, Ishibashi K, Horie T, Imai K, Todoroki T, Kimura S, Koike K. Oxidative stress in

66



the absence of inflammation in a mouse model for hepatitis C virus-associated
hepatocarcinogenesis. Cancer Res 2001;61(11):4365-4370.

. Moriya K, Todoroki T, Tsutsumi T et al. Increase in theconcentration of carbon 18
monounsaturated fatty acids in the liver with hepatitis C: analysis in transgenic mice and
humans. Biochem. Biophys. Res. Commun 2001;281(5):1207-12.

. Moriya K, Yotsuyanagi H, Shintani Y, Fujie H, Ishibashi K, Matsuura Y, Miyamura
T, Koike K. Hepatitis C virus core protein induces hepatic steatosis in transgenic mice. J Gen
Virol 1997;78(Pt 7):1527-1531.

. Mukundan L, Odegaard JI, Morel CR, Heredia JE., Mwangi JW, Ricardo-Gonzalez
RR, Goh YP, Eagle AR, Dunn SE, Awakuni JU, Nguyen KD, Stein-man L, Michie SA, and
Chawla A. PPAR-delta sense sand orchestrates clearance of apoptotic cells to promote tolerance.
Nat. Med 2009;15(11):1266—1272.

. Nakano T, Higashino K, Kikuchi N, et al. Vascular smooth muscle cell-derived,
Glacontaining growth-potentiating factor for Ca(21)-mobilizing growth factors. J Biol Chem
1995;270(11):5702-5705.

. Natori S, Rust C, Stadheim LM, Srinivasan A, Burgart LJ, Gores GJ. Hepatocyte
apoptosis is a pathologic feature of human alcoholic hepatitis. J Hepatol 2001;34(2):248-253.

. Neumann-Haefelin C, Blum HE, Chisari FV, et al. T cell response in hepatitis C
virus infection. J Clin Virol 2005;32(2):75-85.

. Nguyen KQ, Tsou WI, Calarese DA, Kimani SG, Singh S, Hsieh S, Liu Y, Lu B, Wu
Y, Garforth SJ, Almo SC, Kotenko SV, Birge RB. Overexpression of MERTK receptor tyrosine
kinase in epithelial cancer cells drives efferocytosis in a gain-of-function capacity. J Biol
Chem.2014;Sep12;289(37):25737-49.

. Nieto N. Ethanol and fish oil induce NFkappaB transactivation of the collagen
alpha2(I) promoter through lipid peroxidationdriven activation of the PKC-PI3K-Akt pathway.
Hepatology 2007;45(6):1433—45.

. North S, Moenner M, Bikfalvi A. Recent developments in the regulation of the
angiogenic switch by cellular stress factors in tumors. Cancer Lett 2005;218(1):1-14.

. O’Shea J, Ma A, Lipsky P. Cytokines and autoimmunity. Nat Rev Immunol
2002;2(1):37-45.

. Okada H, Honda M, Campbell JS, Sakai Y, Yamashita T, Takebuchi Y, et al.
Acyclic retinoid targets platelet-derived growth factor signaling in the prevention of hepatic
fibrosis and hepatocellular carcinoma development. Cancer Res 2012;72(17):4459-4471.

. Okuda M, Li K, Beard MR, Showalter LA, Scholle F, Lemon SM, Weinman SA.
Mitochondrial injury, oxidative stress, and antioxidant gene expression are induced by hepatitis

C virus core protein. Gastroenterology 2002;122(2):366-375.

67



. Ong, JP, Younossi, ZM. Epidemiology and natural history of NAFLD and NASH.
Clin Liver Dis 2007;11(1):1-16,vii.

. Ou WB, Corson JM, Flynn DL, Lu WP, Wise SC, Bueno R, Sugarbaker DJ, Fletcher
JA. AXL regulates mesothelioma proliferation and invasiveness. Oncogene 2011;30(14):1643—
1652.

. Page JM, Harrison SA. NASH and HCC. Clin Liver Dis 2009;13(4):631-647.

. Pasquinelli C, Bhavani K, Chisari FV.Multiple oncogenes and tumor suppressor
genes are structurally and functionally intact during hepatocarcinogenesis in hepatitis B virus
transgenic mice. Cancer Res 1992;52(10):2823-9.

. Patel T, Roberts LR, Jones BA, Gores GJ. Dysregulation of apoptosis as a
mechanism of liver disease: an overview. Semin Liver Dis 1998;18(2):105-114.

. Paterlini P, Gerken G, Khemeny F, Franco D, D’Errico A, Grigioni W, et al. Primary
liver cancer in HBsAg-negative patients: a study of HBV genome using the polymerase chain
reaction. In: Hollinger FB, Lemon SM, Margolis H, editors. Viral hepatitis and liver disease.
USA: Williams and Wilkins;1991; 605-610.

. Patin E, Kutalik Z, Guergnon J, Bibert S, Nalpas B, Jouanguy E, et al. Swiss
Hepatitis C Cohort Study Group; International Hepatitis C Genetics Consortium; French ANRS
HC EP 26 Genoscan Study Group. Genome-wide association study identifies variants associated
with progression of liver fibrosis from HCV infection. Gastroenterology 2012;143(5):1244-
52.el-12.

. Perlemuter G, Sabile A, Letteron P, Vona G, Topilco A, Chretien Y, Koike K,
Pessayre D, Chapman J, Barba G, Brechot C. Hepatitis C virus core protein inhibits microsomal
triglyceride transfer protein activity and very low density lipoprotein secretion: a model of viral-
related steatosis. FASEB J 2002;16(2):185-194.

. Perz JF, Armstrong GL, Farrington LA, Hutin YJ, Bell BP. The contribution of
hepatitis B virus and hepatitis C virus infections to cirrhosis and primary liver cancer worldwide.
J Hepatol 2006;45(4):529-538.

. Petta S, Valenti L, Marra F, Grimaudo S, Tripodo C, Bugianesi E, Camma C,
Cappon A, Marco VD, Maira GD, Dongiovanni P, Rametta R, Gulino A, Mozzi E, Orlando E,
Maggioni M, Pipitone RM, Fargion S, Craxi A. MERTK rs4374383 polymorphism affects the
severity of fibrosis in nonalcoholic fatty liver disease. J Hepatol 2015;0ct 24.pii:S0168-
8278(15)00715-1.

. Pileri P, Uematsu Y, Campagnoli S, et al. Binding of epatiti C virus to CDS8].
Science 1998;282(5390):938-41.

. Pinzani M, Marra F, and Carloni V. Signal transduction in hepatic stellate cells.

Liver 1998;18(1):2—13.

68



. Platt N, da Silva RP, Gordon S. Recognizing death: the phagocytosis of apoptotic
cells. Trends Cell Biol 1998;8(9):365-372.

. Platt N, Suzuki H, Kurihara Y, Kodama T. & Gordon S. Role for the class A
macrophages cavenger receptor in the phagocytosis of tymocytes in vitro. Proc. Natl Acad. Sci.
USA 1996;93(22):12456-12460.

. Pollard JW. Tumor-educated macrophages promote tumor progression and
metastasis. Nat. Rev. Cancer 2004;4(1):71-78.

. Puri P, Mirshahi F, Cheung O, Natarajan R, Maher JW, Kellum JM, et al. Activation
and dysregulation of the unfolded protein response in nonalcoholic fatty liver disease.
Gastroenterology 2008;134(2):568-576.

. R.X. Tang, F.Y. Kong, B.F. Fan, X.M. Liu, H.J. You, P. Zhang, K.Y. Zheng, HBx
activates FasL and mediates HepG2 cell apoptosis through MLK3-MKK7-JNKs signal module,
World J. Gastroenterol 2012;18(13):1485—-1495.

. Regimbeau JM, Colombat M, Mogol P, Durand F, Abdalla E, Degott C, et al.
Obesity and diabetes as a risk factor for hepatocellular carcinoma. Liver Transpl 2004;10(2
Suppl 1):S69-S73.

. Rigamonti E, Zordan P, Sciorati C, Rovere-Querini P, Brunelli S. Macrophage
plasticity in skeletal muscle repair. Biomed Res Int 2014;2014:560629.

. Robinson DR, Wu YM, Lin SF. The protein tyrosine kinase family of the human
genome. Oncogene 2000;19(49):5548-5557.

. Rockey D. The cellular pathogenesis of portal hypertension: stellate cell contractility,
endothelin, and nitric oxide. Hepatology 1997;25(1),2-5.

. Rockey DC, Fouassier L, Chung JJ, Carayon A, Vallee P, Rey C, and Housset C.
Cellular localization of endothelin-1 and increased production in liver injury in the rat: potential
for autocrine and paracrine effects on stellate cells. Hepatology 1998;27(2):472—480.

. Roskams T, Yang SQ, Koteish A, Durnez A, DeVos R, Huang X, et al. Oxidative
stress and oval cell accumulation in mice and humans with alcoholic and nonalcoholic fatty liver
disease. Am J Pathol 2003;163(4):1301-11.

. Rossmanith W, Schulte-Hermann R. Biology of transforming growth factor beta in
hepatocarcinogenesis. Microsc Res Tech 2001;52(4):430-436.

. Roszer T, Cedenilla MP, Menendez-Gutierrez M, Ricote M,. Trends Endocrinol.
Metab. 2013;24(9):460—468.

. Roszer T, Menendez-Gutierrez MP, Lefterova MI, Alameda D, Nunez V, Lazar MA,
Fischer T, and Ricote M. Autoimmune kidney disease and impaired engulfment of apoptotic cell
sin mice with macrophage peroxisome proliferator- activated recep-tor gamma or retinoid X

receptor alpha deficiency. J. Immunol 2011;186(1):621-631.

69



. Rothlin CV, Ghosh S, Zuniga EI, Oldstone MB, Lemke G. TAM receptors are
pleiotropic inhibitors of the innate immune response. Cell 2007;131(6):1124-1136.

. Roussos ET, Condeelis JS, Patsialou A. Chemotaxis in cancer. Nat Rev Cancer
2011;11(18):573-87.

. Rust C, and Gores GJ. Apoptosis and liver disease. Am J Med 2000;108(7):567-574.

. Saito I, Miyamura T, Ohbayashi A et al. Hepatitis C virus infection is associated
with the development of hepatocellular carcinoma. Proc. Natl Acad. Sci. USA
1990;87(17):6547-9.

. Sasaki T, Knyazev PG, Clout NJ, et al. Structural basis for Gas6-Axl signalling.
EMBO J 2006;25(1):80-87.

. Savill J, Fadok V. Corpse clearance defines the meaning of cell death. Nature
2000;407(6805):784—788.

. Scarselli E, Ansuini H, Cerino R, et al. The human scavenger receptor class B type I
is a novel candidate receptor for the epatiti C virus. EMBO J 2002;21(19):5017-25.

. Schuppan D, Krebs A, Bauer M, Hahn EG. Hepatitis C and liver fibrosis. Cell Death
Differ 2003;10(Suppl 1):59-67.

. Scott RS, McMahon EJ, Pop SM, Reap EA, Caricchio R, Cohen PL, Earp HS,
Matsushima GK. Phagocytosis and clearance of apoptotic cells is mediated by MER. Nature
2001;411(6834):207-211.

. Seitz HK, Stickel F. Risk factors and mechanisms of hepatocarcinogenesis with
special emphasis on alcohol and oxidative stress. Biol Chem 2006;387(4):349-60.

. Shao R, Yan W, and Rockey DC. Regulation of endothelin-1 synthesis by
endothelin-converting enzyme-1 during wound healing. J. Biol. Chem 1999;274(5):3228-3234.

. Shariff MI, Cox IJ, Gomaa AI, Khan SA, Gedroyc W, Taylor-Robinson SD.
Hepatocellular carcinoma: current trends in worldwide epidemiology, risk factors, diagnosis and
therapeutics. Expert Rev Gastroenterol Hepatol 2009;3(4):353-367.

. Shi H, Kokoeva MV, Inouye K, et al. TLR4 links innate immunity and fatty acid-
induced insulin resistance. J Clin Invest. 2006;116(11):3015-25.

. Shintani Y, Fujie H, Miyoshi H et al. Hepatitis C virus and diabetes: direct
involvement of the virus in the development of insulin resistance. Gastroenterology
2004;126(3):840-8.

. Sica A, Allavena P, and Mantovani A. Cancer related inflammation: the macrophage
cionnection. Cancer Lett 2008;267(2):204-215.

. Sica A, Bronte V. Altered macrophage differentiation and immune dysfunction in

tumor development. J. Clin. Invest 2007;117(5):1155-1166.

70



. Smith W, Feldmann M, Londei M. Human macrophages induced in vitro by
macrophage colonystimulating factor are deficient in IL-12 production. Eur J Immunol
1998;28(8):2498-507.

. Somersan S, Bhardwaj N. Tethering and tickling: a new role for the
phosphatidylserine receptor. J Cell Biol 2001;155(4):501-504.

. Soussan P, Garreau F, Zylberberg H, Ferray C, Brechot C, Kremsdorf D. In vivo
expression of a new hepatitis B virus protein encoded by a spliced RNA. J Clin Invest
2000;105(1):55-60.

. Street A, Macdonald A, McCormick C, Harris M. Hepatitis C virus NS5A-mediated
activation of phosphoinositide 3-kinase results in stabilization of cellular beta-catenin and
stimulation of betacatenin- responsive transcription. J Virol 2005;79(8):5006-5016.

. Summers J, Mason WS. Replication of the genome of a hepatitis B — like virus by
reverse transcription of an RNA intermediate. Cell 1982;29(2):403-415.

. Sun B, Qi N, Shang T, Wu H, Deng T, Han D. Sertoli cell-initiated testicular innate
immune response through toll-like receptor-3 activation is negatively regulated by Tyro3, Axl,
and mer receptors. Endocrinology 2010;151(6):2886-2897.

. Sung WK, Zheng H, Li S, Chen R, Liu X, Li Y, Lee NP, Lee WH, Ariyaratne PN,
Tennakoon C, Mulawadi FH,. Wong KF, Liu AM, Poon RT, Fan ST, Chan KL, Gong Z, Hu Y,
Lin Z, Wang G, Zhang Q, Barber TD, , Chou WC, Aggarwal A, Hao K, Zhou W, Zhang C,
Hardwick J, Buser C, Xu J, Kan Z, Dai H, Mao M, Reinhard C, Wang J, Luk JM. Genome-wide
survey of recurrent HBV integration in hepatocellular carcinoma, Nat. Genet 2012;44(7):765—
769.

. Sze KM, Chu GK, Lee JM, Ng I0O. C-terminal truncated hepatitis B virus X protein
is associated with metastasis and enhances invasiveness by C-Jun/ matrix metalloproteinase
protein 10 activation in hepatocellular carcinoma. Hepatology 2013;57(1):131-139.

. Tacke RS, Tosello-Trampont A, Nguyen V, Mullins DW, Hahn YS. Extracellular
hepatitis C virus core protein activates STAT3 in hu—man monocytes/macrophages/dendritic
cells via an IL-6 autocrine pathway. J Biol Chem 2011;286(12):10847-10855.

. Talks KL, Turley H, Gatter KC, Maxwell PH, Pugh CW, Ratcliffe PJ, Harris AL.
The expression and distribution of the hypoxia-inducible factors HIF-1alpha and HIF-2alpha in
normal human tissues, cancers, and tumor-associated macrophages, Am. J. Pathol
2000;157(2):411-421.

. Talmadge JE, Donkor M, Scholar E. Inflammatory cell infiltration of tumors: Jekyll
or Hyde. Cancer Metastasis Rev 2007;26(3-4):373-400.

. Tao Y, Ruan J, Yeh SH, Lu X, Wang Y, Zhai W, Cai J, Ling S, Gong Q, Chong Z,
QuZ, LiQ,Liul, Yang J, Zheng C,. Zeng C, Wang HY, Zhang J, Wang SH, Hao L, Dong L, Li

71



W, Sun M, Zou W, Yu C, Li C, Liu G, Jiang L, Xu J, Huang H, Mi S,. Zhang B, Chen B, Zhao
W, Hu S, Zhuang SM, Shen Y, Shi S, Brown C, White KP, Chen DS, Chen PJ, Wu CI. Rapid
growth of a hepatocellular carcinoma and the driving mutations revealed by cell population
genetic analysis of whole-genome data. Proc. Natl. Acad. Sci. USA 2011;108(29):12042—-12047.

. Taylor PR, et al., A hierarchical role for classical pathway complement proteins in
the clearance of apoptotic cells in vivo. J. Exp. Med. 2000;192(3):359-366.

. Taylor PR, Martinez-Pomares L, Stacey M, Lin HH, Brown GD, Gordon S.
Macrophage receptors and immune recognition. Annu Rev Immunol 2005;23:901-944.

. Thomas DL, & Seeff LB. Natural history of hepatitis C. Clin. Liver Dis
2005;9(3):383-389,vi.

. Tilg H, Wilmer A, Vogel W, et al. Serum levels of cytokines in chronic liver
diseases. Gastroenterology 1992;103(1):264-74.

. Tjwa M, Bellido-Martin L, Lin Y, et al. Gas6 promotes inflammation by enhancing
interactions between endothelial cells, platelets, and leukocytes. Blood 2008;111(8):4096-4105.

. Todt JC, Hu B, Curtis JL. The receptor tyrosine kinase MerTK activates
phospholipase C gamma2 during recognition of apoptotic thymocytes by murine macrophages. J
LeukocBiol 2004;75(4):705-713.

. Vandivier RW, Henson PM, Douglas IS. Burying the dead: the impact of failed
apoptotic cell removal (efferocytosis) on chronic inflammatory lung disease. Chest
2006;129(6):1673-1682.

. Verreck FA, de Boer T, Langenberg DM, Hoeve MA, Kramer M, Vaisberg E,
Kastelein R, Kolk A, de Waal-Malefyt R, Ottenhoff TH. Human IL-23-producing type 1
macrophages promote but IL-10-producing type 2 macrophages subvert immunity to
(myco)bacteria. Proc Natl Acad Sci U S A 2004;101(13):4560-5.

. Voll RE, Herrmann M, Roth EA, Stach C, Kalden JR and Girkontaite I. Immuno
suppressive effects of apoptotic cells. Nature 1997;390(6658):350-351.

. Wan E, Yeap XY, Dehn S, Terry R, Novak M, Zhang S, et al. Enhanced
efferocytosis of apoptotic cardiomyocytes through myeloid- epithelial- reproductive tyrosine
kinase links acute inflammation resolution to cardiac repair after infarction. Circ Res
2013;113(8):1004—12.

. Wang Y, Wang W, Wang L, Wang X, and. Xia J, “Regulatory mechanisms of
interleukin-8 production induced by tumour necrosis factor-o in human hepatocellular carcinoma
cells.” Journal of Cellular and Molecular Medicine 2012; vol.16,n0.3,pp.496-506.

. Wasley A and Alter MJ. Epidemiology of hepatitis C: geographic differences and
temporal trends. Semin Liver Dis 2000;20(1):1-16.

72



. World Health Organization (WHO). Hepatitis C. Fact Sheet No. 164. Revised
October 2000 http://www.who.int/mediacentre/factsheets/fs164/en/(2000).

. Yang JD, Roberts LR. Hepatocellular carcinoma: A global view. Nat Rev
Gastroenterol Hepatol 2010;7(8):448-458.

. Yang S, Zhu H, Li Y, Lin H, Gabrielson K, Trush MA, et al. Mitochondrial
adaptations to obesity-related oxidant stress. Arch Biochem Biophys 2000;378(2):259-268.

. Yoshida H, Shiratori Y, Moriyama M, Arakawa Y, Ide T, Sata M, et al. Interferon
therapy reduces the risk for hepatocellular carcinoma: national surveillance program of cirrhotic
and noncirrhotic patients with chronic hepatitis C in Japan. IHIT Study Group. Inhibition of
Hepatocarcinogenesis by Interferon Therapy. Ann Intern Med 1999;131(3):174-181.

. Zhou J, Ding T, Pan W, Zhu LY, Li A, and Zheng L. “Increased intratumoral
regulatory T cells are related to intratumoral macrophages and poor prognosis in hepatocellular
carcinoma patients,” International Journal of Cancer 2009; vol.125,n0.7,pp.1640—-1648.

. Zhu AX, Duda DG, Sahani DV, et al. HCC and angiogenesis: possible targets and
future directions. Nat Rev Clin Oncol 2011;8(5):292-301.

. Zizzo G, Hilliard BA, Monestier M, Cohen PL. Efficient clearance of early apoptotic
cells by human macrophages requires M2c polarization and MerTK induction. J Immunol
2012;0ct 1;189(7):3508-20.

. Zong C, Yan R, August A, Darnell JE Jr, Hanafusa H. Unique signal transduction of
Eyk: Constitutive stimulation of the JAK—STAT pathway by an oncogenic receptor type tyrosine
kinase. EMBO J 1996;15(17):4515-4525.

73



Curriculum Vitae

Rosaria Maria Pipitone was born on 24 April 1979 in Palermo, Italy.

In 1998 started biological studies at the Faculty of Science, University of Palermo.
Graduated with honours in December 2004. In 2005 qualified as a professional biologist. From
2005 to 2009 proceeded to get a full training as Clinical Pathologist, at the University of
Palermo. From March 2009 to December 2012 worked in the laboratory of Molecular Pathology
in Gastroenterology Units at the University of Palermo, such as Research Fellow. In January

2013 she started her doctorate course under the supervision of Prof.ssa Stefania Grimaudo.

74



