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Abstract: Constitutive production of cytokines is absent or minimal in the normal liver but, in response to
various types of injury, hepatocyte and cholangiocyte damage causes the local recruitment of neutrophils and
macrophages that produce cytokines and chemokines and the former mediate the inflammatory response that
leads to the regeneration of the liver tissue and ultimately, to the deposition of extracellular matrix by activated
stellate cells. Cytokine production can have both beneficial and harmful effects, depending on the amount and
duration of cytokine release. Within the spectrum of chronic liver diseases, cytokines play a pivotal role in the

loss of immune tolerance characterizing chronic autoimmune hepatitis and primary biliary cirthosis. This study

will provide a general overview on cytokines and focus on their role in mitiating and driving the inflammatory

mfiltrate in autoimmune liver diseases. A better understanding of this process might allow therapeutic

mterventions to switch off the peculiar inflammatory response which occurs in these conditions before

ureversible damage occurs.
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INTRODUCTION

Cytokines are soluble peptides secreted by several
cell types to mediate several immune and mflammatory
reactions, thus regulating several biochemical processes
i and around the cells that produce them. They can act
on different cell types (pleiotropic effects) and have
overlapping effects (redundancy), furthermore, their
action may be local or systemic. Tn most tissues, including
the liver, constitutive production of cytokines is absent or
minimal. However, as physiologic and pathologic stimuli
activate cells, the production of these molecules increases
and they orchestrate the tissue response to the stimulus.
Phenotype of the immune response 1s a function of the
repertoire of cytokines produced m the early phases
(Borish and Steinke, 2003).

Monocytes and tissue-resident macrophages are
major cytokine sources. Macrophages are found in many
tissues, but the largest number resides mn the liver where
they are called Kupffer’s cells (Bioulac-Sage et al., 1996).
Nearly 80% of all macrophages in the body are Kupffer
cells (Sheth and Bankey, 2001). Together with other
immune cells these generate an acute inflammatory

reaction, that is the body’s first line of defence. Another
important source of cytokines are CD4* (helper) T
lymphocytes. The mteraction between monocytes/
macrophages and T lymphocytes activate T lymphocytes,
determiming their multiplication and production of
cytokines. Two distinct subsets of CD4™ helper T cells
exist, Thl and Th2, which can be distinguished by their
cytokine patterns, with Thl cells producing mainly
Interleukin (I1.)-2 and Interferon (IFN)y (which activate
CDg" cytotoxic T cells and macrophages) and Th2 cells
producing IT.-4, T1.-5, TL.-6, TL-1 0 and TL.-13 (which activate
B lymphocytes for antibody production) (Mosmann and
Sad, 1996). Thl cells and their relative cytokine
products are thought to be volved mn delayed type
hypersensitivity reactions and organ-specific autoimmune
disorders, mn contrast, Th2 cells and their cytokine
products are considered to participate m allergic reactions
and systemic autoimmune disorders. The signature
cytokines of Thl and Th2 subsets mhibit each other’s
secretion and consequently influence in opposite yet
complementary ways the Ilymphocyte proliferation,
resulting in a dynamic balance of the subsets within
inflamed tissues. Since, the original description of the Thl
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anid Th sets of cytokines, it was recogrized that cells
other than CD4* Iymphocytes can produce similar
cytokine patterns, which has prompted a broader
clagsification of the respective immune responses into
type 1 and type 2, rather than strictly Thl and Thi.
Furthermore, a subset of cells producing baoth type 1 and
type 2 cytokines and a subget characterized by IL-10 and
TGFR production have been identified and desi gnated as
TH] and a THS (Hovyre and Lanb, 1996; Sederef al., 1998),
respectively, Though a clear- out distincti on bebr een type
1 ard tyrpe 2 imeriane responses is moore dfficult in boman
than it the mouse altered Thl/Thi halances have heen
dlem crusty ated invarl ois autodm mane diseases not anly in
represertative amdmal models g also in buman
condiions (Litlau ef &, 1995; Borchers ef al, 1999
Finally, a regalatoey role is also played by CDACDE5 T
Iynphocytes, which mediate anti gen-specific suppr ession
of T lynphocyte responses by local secretion of IL-10 and
Transforming Growth Factor BOUTGFE (Roncarolo ef o,
2003,

The cytokine network activated in response to
pathologic conditions acts through the local recruitient
of distinct combinati ons of effector cells(Fig 1 and). A
digtinet cytokine subfamily with a crucial role in
determiring which leukocyte subsets are recruited from
the circudation to injured tesue in different conditions is
represerted by chemokines (short for chemotactic
cytokined), acting as chemoattractants that induce target
cells migration along a gradiert. The chemolite system
includes about 50 members which can be divided into 4
famnilies on the basis of their molecudar structare. The
latgest family incudes 28 members manly active on
monotmclear cells (e, lypnphoeytes and monocytes), all
characterized by the presence of 2 cysteine residues
adjacert to each other in the N-terminal potion of the
molecule, ths indicated as CC chemokines The second
family ichades 16 members whete one intervening
atinioarid  separates  the first 2 cysteine residues
(Fouarkel, 19997, thus indicated as the CHET family, This
family can be further subdivided into two growps, based
oty whether or fiot a molecule carties an ERL (glhutamie-
levcitie- o girine) motif that immediately precede the first
cysteitne resichie. ERL™ CEC chemaokines are important in
rientrophil chemotaris and anglogenesis, while ERL-are
angostatic and act manly on T Iyuphooytes (Folling,
1997y Twomino favilies, called C and CEEC chem akines,
include a limited roumber of members and are mainly
involved in the recroitment of selected T lymphocyte
subgets and NI cells. Classically, the chemokines hawe
been named according to ther expression patterns or
functions, but due to the rapid  discovery of new
chemokines by Zlotndk and Voshie (20000 proposeda
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fiewr classificati o system for chemokines that iz based on
the subfamily followed by a momber provided by the
position of the corresponding coding gene in the cluster.
Thaag, chemolines now are idertified by a name providing
informationn oy the tespective stuctiwal subfamily
cottespotding also to the type of receptor they engage,
followed by a manber provided by and referring to the
tespective coding gene Chem ckines biclogical effects
ate thediated by a subfamily of G protein-coupled
tratismembrate  dotwain teceptors. Though  each
chemokine receptor usually binds more than one 1igand,
thna, having redundart activity, nonetheless they respect
ligand family boundaries, ther ef ore, chemokine receptors
ate classified as OC chemokine Receptors (CCR; 10 at
present), CHC chem okine Receptors (CECR,; 6 at e sent),
C chemokine Receptors (ICR; 1t present) and CH3C
receptors (CESCR, 1 at present) (BoneLarson of al,
20007, Bome chemokines are expressedat highlewelzin
specific tissues (tonic chem ckines) and are involved in
hoveostatic fonctions such as thgmooyte mataration
selection atd lymphocoyte recireulation
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Table 1: Characteristics of cytokines involved in liver diseases

Cytokine Main source Effects Implicated in Refl
1L.-1 Macrophages Pro-inflammatory Alcoholic disease (Bode et af., 2005; Neuman et af., 2005)
Ag presenting cells Fever acute Liver regeneration (Fausto et al., 2006; Shirasugi et af., 1997)
phase response Ischemnia-reperfusion
IL-6 Ag presenting cells Pro inflammatory Alcoholic disease (Bode et al., 2005; Neuman ef ., 2005)
Th2 cells Fever activates Liver regeneration (Fausto ef ., 2006)
T tymphocytes
Difterentiates B tymphocytes
Acute phase response
TNFo Macrophages NK cells Similar to IL-1 Alcoholic disease (Bode et al., 2005; Neuman ef ., 2005)
PSC Liver regeneration (Tjandra et ai., 2000, Bo et al., 2001),
Ischemnia-reperfusion (Spengler et al., 1992; Sprengers ef ad., 2005)
(Fausto et al., 2006; Shirasugi et af., 1997)
1.-12 Activated hepatocytes Stimulates NK cells and Tschemia reperfilsion (Lentsch et al., 1999, Bertoletti and Ferrari,
T tymphocytes Stimulate Viral hepatitis ATH 2003; Tanaka et al., 1996;
IFNy production Trinchieri et ., 2003) (Fausto ef al., 2006)
TGFp Macrophages Th3 cells Anti-inflammatory Liver regeneration (Reddy et al., 2001;
Inhibits B,T and NK cells Liver fibrosis Friedman et al., 1999)
Stimulates fibrogenesis
1L.-10 B and Th2 cellss Anti-inflammatory Control of inflammation (Mosmann and Sad, 1996)
Macrophages Tnhibits TFN production
Stimulates B lymphocytes
IFNo Macrophages Inhibits viral replication Viral hepatitis (Bertoletti ef al., 2003; Foster, 1997)
Stimulates NK cells
IFNvy Thi cells NK cells Modulates T1.-1 and TNFx Viral hepatitis PBC (Bertoletti et af., 2003; Foster, 1997)

Tncreases MHC expression
Tnhibits viral replication

(Harada et of., 1997, Martinez et «f., 1995;
Shindo et al., 1996)

Table 2: Characteristics of chemokines involved in liver diseases

Chemokine Family Receptor Target Implicated in Ref.
TL-8/CXCLR CXC (ELR+) CXCRI1/ Neutrophils Alcoholic disease (Huang et al., 1996)
(CTNG) CXCR2 GVDH disease (Huang et al., 1993)
Raterial hepatitis (Zhang et ei., 1995)
Tschemia-reperfusion (Colletti et al., 1998)
ENA-T8/CXCLS CXC (ELR+) CXCR2 Neutrophils BRacterila hepatitis (Shroatri et al., 1999)
(MIP-2) Tschemia-reperfusion (Colletti et al., 1998)
GRO/CXCLA CXC (ELR+) CXCR2 Neutrophils Tschemia-reperfusion (Lentsch et ad., 1998)
(KC) BRacterial hepatitis (Tilg et al., 1992)
TP-10/CXCL10 CXC (ELR-) CXCR3 NK cells Alcoholic disease (Nanji et al., 1999)
Thi cells Viral hepatitis (Kakimi et af., 2001)
PBRC; ATH (Chuang et ai., 2005;
Nicoletti et ., 2007
MIG/CHCLY CXC (ELR-) CXCR3 NK cells Viral hepatitis (Shields et ad., 1996)
Thi cells Liver cancer (Yoong et ai., 1999;
Graft rejection Goddard ef al., 2001)
PBC (Chuang et al., 2005)
SDF-1a / CXC (ELR-) CXCRA Multiple Graft rejection (Goddard et al., 2001)
CXCL12 Liver cancer (Shibuta et ., 1997)
MCP-1/CCL2 cC CCR2 Monocytes Tmmature DC (Afford et al., 1998)
Tschemia-reperfusion (Narumi et af., 1997)
Alcoholic disease (Marra et ., 1998)
Liver fibrosis bacterial hepatitis (Salkowski et e, 1998)
MIP-1¢ /CCL3 cC CCR1/ Monocytes GVDH disease (Murai et ., 1999)
CCRS Trmature DC BRacterial hepatitis (Adarms et ai., 1996)
Thi cells Viral hepatitis (Salkowski et af., 1998;
Alcoholic disease Salazar-Mather et ., 1998,
Fisher et afl., 1999)
RANTES/CCLS cC CCR1/ Monocytes Autoimmune diseases (Hirano et af., 2001)
CCRS Trmature DC Viral hepatitis (Kusane et ., 20000
Thi cells Graft rejection (Muruve et ., 1999,
Nagral et al., 1998)
Eotaxin/CCL11 cC CCR3 Eosinophils Fulminant hepatic failure (Pham et af., 2001)
(acetaminophen toxicity)
TARC/CCL17 cC CCR4 Th2 cells Fulminant hepatic failure (Yoneyama et af., 1998;
and MDC/CCL22 (post-infection model) Chvatchko et of., 2000
Matsukawa et edf., 2001)
LARC/CCL20 cC CCRé Trmature DC Viral hepatitis (Shimizu et ., 2001)
Tm cells
Fractalkine/ CXAC CX3CRI1 Thi cells Fulminant hepatic failure (Simpson et af., 2003)
CX3CL1 (acetaminophen toxicity) PBC (Chuang et af.. 2005)
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However, most chemokines are not expressed in
homeostatic conditions and are rapidly induced in
pathologic conditions (fasic or mflammatory chemokines).
In this case, tissue damage induces a specific cytokine
milieu which in turns defines the composition of the
inflammatory response acting on the combination of
chemokines present in the microenviroment (Fig. 1 and 2).
Master cytokines, which activate polarized responses
differentially, regulate chemokine production. For
instance, the type 2 cytokines, 11.-4 and I1.-13, induce
production of chemokines which interact with receptors
that are preferentially expressed on polarized type 2 T
cells, including MDC/CCLZ2 and TARC/CCL17 (agonists
for CCR4), eotaxin/CCL11 (agonist for CCR3) and 1-
309/CCL1 (agomist for CCRR). Conversely, mterferon
(IFN)-v 1inhibits production of MDC/CCL22 m different
cell types and induces expression of CXCR3 agonists.
that are active on receptors expressed on type 1 T cells.
Hence, these chemokines supporting selective recruttiment
of polarized T cells and specific type I and 1T effector cells
expressing distinct panels of chemokine receptors are
involved in the amplification of polarized responses
(Bonecchi et al., 1998) (Table 1 and 2).

CYTOKINES IN THE HEALTHY LIVER

A number of mflammatory chemokines have
been associated with liver diseases (Locati ef al., 2003)
(Table 2 for selected references) and in most cases their
role is clearly linked to selective recruitment of leukocyte
subsets, thus playing a direct (mostly negative) role in
the pathogenesis. Chemokine receptor inhibitors are in
advanced development and might be available for
treatment in the next years. However, it 18 worth
mentioning that though chemokine patognomonic
biological activity 1s leukocyte recruitment, some members
of this large family also have other non-chemotactic
biological activities, some of which of possible relevance
m liver diseases (Kunkel, 1996). For example, CXC
chemokines regulate angiogenesis (being ELR® CXC
chemokines pro-angiogenetic and ELR-CXC chemokines
anti-angiogenetic), CC chemokines have been associated
with fibrosis and some chemokines have been
demonstrated to control apoptosis and cell survival in
specific cases. Thus, caution must be exerted inferring a
negative expression in the
pathogenesis of liver diseases. This 13 consistent with
some experimental data in gene-targeted animal models
showing that some chemokines may play a positive
role acting as hepatocyte protectors or sustaining
parenchyma regeneration (Bone-Larson ef al., 2000
Shirasugi ef al., 1997).

role for chemokine
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The liver cells under normal conditions produce only
minimal levels of cytokines and as a consequence only a
small quantity of cytokines are detected by
immunohistochemistry on liver sections. The weak
staining of chemokine is confined to the vascular
endothelium and to inflammatory cells around blood
vessels. This observation suggests that low-level
chemokine secretion oceurs m normal liver and could be
important for the regulation of leukocyte recruitment
during physiclogical immune surveillance. An exception
1s represented by the homeostatic CC chemokine Liver
and Activation-Related Chemokine (LARC/CCL20), which
acts on CCR6 regulating the homeostatic recirculation in
the liver of memory T cells (Schutyser et ai., 2003).

CYTOKINES IN LIVER DISEASES

In response to various liver injury (i.e. viral agents,
alcohol consumption, hepatotoxins, autoimmurnty,
1schemia) hepatocytes damage causes the recruitment of
neutrophils and macrophages that produce cytokines
and chemokines and the latter mediate the inflammatory
response that leads to the regeneration of the liver tissue
and ultimately to the deposition of extracellular matrix by
the activation of HSC. Under normal conditions, the
levels of these proteins promoting inflammation decrease
once the mfection 13 under control However, if the
wnflammation contimues for a long time, persistent
production of cytokines may lead to fibrosis and liver
cirthosis. Thus, cytokines production can have both
beneficial and harmful effects, depending on the amount
and duration of cytokine release. The main liver cells that
produce cytokines are the resident macrophages, i.e.,
Kupffer's cells, that constitute the largest reservoir of
tissue macrophages in the body. Particulary important
cytokines for the liver are TNFe, 1L-1, IL-6, IFNs, TGFp
and chemokines (Canbay, 2004).

The production of TNFe¢ is one of the earliest events
in several types of liver injury (Tilg and Diehl, 2001). It can
imtiate hepatocyte apoptosis and triggering  the
production of other cytokines and chemokines, that
together recruit inflammatory cells, kill hepatocytes and
imtiate a healing response that include fibrogenesis
{(Locksley, 2001) (Fig. 1 and 2). Apoptosis 1s a form of cell
death characterized by organized nuclear and finally
cellular fragmentation. Tt is regulated by a great number of
pathways. The interaction between TNFg and its cellular
receptor 1s one of these ways; moreover the engulfment
of apoptotic bodies by Kupffer's cells induces the
expression of death ligands that continue the apoptotic
stimulation (Canbay et al., 2003; Rust and Gores, 2000).
TNFa perpetuates inflammation through the activation of
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Nuclear Factor kappa B (NF-kB), a transcriptional factor
that regulates the expression of several cytokine and
chemokine genes (Reddy et al., 1994). Further, TGFp is
the most potent cytokine for enhancing hepatic
fibrinogenesis by stimulating the activation of HSC
(Reddy et al., 1996) and is generated when apoptotic
bodies are encountered (Friedman, 1999). Under normal
condition HSC are resident perisinusoidal mesenchymal
cells that mainly serve to store fat and vitamin A in the
liver. When activated they assume the features of
fibrogenic, contractile myofibroblasts and produce
collagen, the major component of fibrotic tissue. In
addition, activated IISC mediate the inflammatory
response by the production of several number of
cytokines and chemokines (Eng ef al., 2000, Pinzani and
Marra, 2001). Finally, IL-1 and IL-6 are also involved m the
hepatic acute phase response (Moshage, 1997) and in
liver regeneration (Fausto et al., 2006).

Recent studies have suggested an important role,
specially in inflammatory bowel diseases, of the IL-17.
This cytokine may be implicate in liver immune-mediate
damage too.

AUTOIMMUNE LIVER DISEASES

Tt has been suggested, that a skewed immune
response towards a type 1 or type 2 pattern plays arole in
the pathogenesis of several human autoimmune
diseases such as multiple sclerosis, type 1 diabetes and
rheumatoid arthritis (Borchers et al., 1999; Selmaj et al.,
1991, Foulis ef al., 1991; Matthews ef al., 1993). Primary
biliary curhosis, primary sclerosing cholangitis and
autoimmune hepatitis are the main chronic autoimmune
liver diseases m adult. Diverse cytokines have been
shown to be overexpressed in the liver and serum of
patients with such diseases. Despite the progress m the
area of lymphocyte homing, the mechanisms involved in
the enrichment of T cells observed in inflammatory liver
diseases are still poorly understood. Available data
unplicate both selective recruitment and selective
retention in this process. Tt is also possible that, at
different stages, the migration of T lymphocytes into the
liver 1s controlled by different pathways, as indicated by
evidence i cellular and cytokines studies.

Primary biliary cirrhosis: In  chronic cholestatic
disorders such as Primary Biliary Cirthosis (PBC), T
lymphoeytes and cytokines mediate persistent bile duct
damage. Bile duct epithelial cells reaction actively
contribute to the promotion and regulation of biliary type
liver fibrogenesis. They synthesize and release a munber
of paracrine mediators such as TGF-beta, connective
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tissue growth factor, platelet-derived growth factor-BB
and endothelin-1 that target different liver cell types,
including HSC and portal fibroblasts. Through these
interactions, bile duct epithelial cells and peribiliary
myofibroblasts cause periportal fibrosis. There is still
some controversy concerning the cytokine pattern
characteristic of PBC. In situ hybridization revealed that
PBC lLiver presents a significantly lgher prevalence of
TFNy and TL-4 mRNA positive cells when compared to
controls (Harada et al.,, 1996). Yet, there were considerably
fewer cells with detectable levels of IL-4 mRNA than cells
expressing IFNvy mRNA in PBC liver and the intensity of
staining for IFNvy expression was highly correlated with
the degree of portal inflammation. Moreover, TFNy mRNA-
positive cells were detected primarily in the lymphoid
aggregates surrounding damaged bile ducts and in areas
of piecemeal necrosis. Analysis of RNA extracted from
PBC liver have also indicated an upregulation of TFNy
mRNA expression (Martinez et al., 1995; Shindo et af.,
1996; Nagano et al., 1999).

Fractalkine/CX3CL1 production is demonstrated in
biliary epitelial cells and upregulated by several cytokines
including IFNy and TNFa. In PBC the expression of
Fractalkine/CX3CL1 1s upregulated in mjured bile ducts
and T lymphocytes expressing CX3CRI1 are found in
portal tracts and within the biliary hepitelial layer of
iyjured bile ducts. In addition, the expression of IP-
10/CXCL10 and MIG/CXCL9 1s mereased mn the portal
tracts of PBC livers; these chemokines are involved in
the selective recruitment of Thl cells via CXCR3
{(Chuang et al., 2005).

In contrast, mitogen-stimulated T lymphocytes
infiltrating the liver of PBC produce significantly higher
levels of IL-4 and IL-10 compared to control T cells, but
little IFNvy. However, we note that several reports propose
an upregulation of specific type 2 cytokines, such as IL-5,
IL-6 and TL.-10 in PBC (Martinez et al., 1995; Nagano et al.,
1999), although this was not an entirely consistent finding
(Shindo et al., 1996).

Overall, these results suggest that type 1 cytokines
might constitute the dominant pattern in PBC. However,
the mechanisms for such dysregulation of the Thl/Th2
cytokines ratio mn biliary hepitehal cells 1s still unclear

(Fig. 3).

Primary sclerosing cholangitis: Patients affected by
Primary Sclerosing Cholangitis (PSC) have a redominantly
Thl response (Tjandra ef af., 2000, Bo et al., 2001) with
high levels of TNFa (Spengler et al., 1992) and IT.-1 in all
stages of disease. Colangiocytes secrete CXCLI10 and
CCL2 chemokines in response to these pro-inflammatory
cytokines. These chemokines recruit effector lymphocytes



Res. J. Med Sci., 2 (3): 145-154, 2008

IFNy  TNFa L4 CX3CL1 IP-10 IL-12 ILZIL10

PBC ++ ++ ++ +
Csp -- -
AH ++ ++

Fig. 3: Schematic repersentation of the cytokines
mvolvoed in a autoimmune liver diseases

and monocytes, thereby promoting inflammation.
Periportal mononuclear cell infiltration with more than 80%
of T lymphocytes 1s found in most liver biopsy of PSC
patients. Liver-derived T cells from PSC patients have
greater intracytoplasmic TNFw levels compared to those
derived from patients with primary biliary chirrosis,
autommmune hepatitis and healthy subjects and have
significantly lower levels of T1-2, TL-10 and IFNy
(Boetal, 2001). T cells are unlikely to cause direct biliary
cells injury in PSC since the assessment of the functional
capacity of liver-mfiltrating T cells from PSC patients
demonstrated a decreased cytolytic activity; the NK
killing capacity was also abolished. The reduced T-cells
reactivity in liver mfiltrating cells obtained from patients
with PSC 1s due to high local production o TNFe. More
likely, the biliary cells injury in PSC is mediated by TNFe
which may act synergistically with TFNy to induce biliary
epithelial cells to produce nitric oxide, that contributes to
ductal cholestasis thorough the inlubition of cAMP-
dependent HCO3-secretion (Spirli et al., 2003). Moreover,
expression of receptor TNF-R1 on biliary cells supports
the possibility of induction of apoptosis by high levels of
TNFg mn PSC. In addition the absence of IL-2 in concert
with chronic TNFe and TL-1 production may cause further
injury to the biliary cells (BO et ad., 2001). The treatment
with anti TNF antibodies restores a normal level of I1.-1
and of TL.-2, TFNy and TL.-10 in this scenario. The impaired
cytolytic activity of both NK and T cells was also partially
restored (Fig. 3).

Autoimmune hepatitis: Very limited data on intrahepatic
cytokine expression are available in Autoimmune
Hepatitis (ATH). Patients with ATH display an increased
expression of HLA class IT antigens in their hepatocytes
(Vergani et al, 2002) and a preponderant CD4* T
lymphocyte infiltration of the portal spaces. These
findings might indicate the involvement of T helper cells
i the pathogenesis of this disease. In response to the
antigenic peptide/HLA class II complex, naive CD4™ T
cells differentiate into either TFNv-secreting Thl or IT.-
ATL-10-producing Th2 lymphocytes. The T1.-12 produced
mainly by macrophages and dendritic cells 1s required not
only for their differentiation mnto Thl cells but also to
sustain the presence of memory/effector Thl cells capable
of mediating a biologic outcome. Tt was shown in a murine

model of autoimmunity that 11.-12 plays a pivotal role in
the Thl-dependent liver injury (Tanaka et al, 1996;
Nicoletti et al., 2000). IL-12 18 part of a family of cytokines
that shares important functions in the regulation of both
innate and adaptive immunity (Nicoletti ef al., 2007).

In addition an increase of liver TP-10 and the presence
of CXCR3+ lymphocytes have been observed m murine
model of ATH (Bode and Bode, 2005) (Fig. 3).

CONCLUSION

Liver cytokines and chemokines represent the
components of a complex scenario in liver physiology and
pathology. As indicated by the large amount of data
available, mteraction networks appear to be more
important to the final outcome of immune unbalance
compared to single mediator alterations. As a result,
cytokine and chemokine response to several types of
chromic and acute mjury ensues m an attempt to
counteract the damage but often result in pathological
effects, as in the case of TGFp and fibrosis. Importantly,
cytokines are being studied as potential targets for novel
treatments in several liver conditions. We note, however,
that results obtained thus far with monoclonal antibodies
(such as infliximab targeting TNFw) are disappointing;, yet
we warrant a vigorous effort in the near future to unravel
new aspects of cytokine defects mn liver diseases to
ultimately develop new and effective treatments.

The table reports chemokines (old/new nomenclature)
associated to liver diseases, with the indication of main
target leukocytes and receptors involved. References
supporting a pathogenetic role of a specific
ligand/receptor in liver diseases, mostly inferred by animal
models using blocking antibodies or gene-targeted
animals, are provided. The name of rodent chemokines
which differ from the human counterpart are provided
parenthesis.
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