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Abstract The liver is a unique organ with respect to its
anatomical location, allowing continuous blood flow from
the gastrointestinal tract through the sinusoids, and
its cellular composition, comprising metabolically active
hepatocytes, nonhepatocytic parenchymal cells, and various
immune cell populations. Cytokines are key mediators
within the complex interplay of intrahepatic immune cells
and hepatocytes, as they can activate effector functions of
immune cells, as well as hepatocytic intracellular signaling
pathways controlling cellular homeostasis. Kupffer cells
and liver-infiltrating monocyte-derived macrophages are
primary sources of cytokines such as tumor-necrosis factor-
alpha (TNF-alpha) and interleukin-6. The liver is also
enriched in natural killer (NK) and NK T cells, which fulfill
functions in pathogen defense, T cell recruitment, and
modulation of liver injury. TNF-alpha can activate specific
intracellular pathways in hepatocytes that influence cell fate
in different manners, e.g., proapoptotic signals via the
caspase cascade, but also survival pathways, namely the
nuclear factor (NF)-kappaB pathway. NF-kappaB regulates
important functions in liver physiology and pathology.
Recent experiments with genetically modified mice dem-
onstrated important and partly controversial functions
of this pathway, e.g., in cytokine-mediated hepatocyte
apoptosis or ischemia–reperfusion injury. The exact dissec-
tion of the contribution of recruited and resident immune
cells, their soluble cytokine and chemokine mediators, and
the intracellular hepatocytic response in liver homeostasis
and injury could potentially identify novel targets for the

treatment of acute and chronic liver disease, liver fibrosis,
or cirrhosis.
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Introduction

The liver is an exceptional organ in terms of its metabolic,
synthetic, and detoxifying function. It has the unique
potential to regenerate after tissue loss and, for instance,
plays an important role in the regulation of blood glucose or
blood lipids. All these and many other functions represent
the organ’s ability to execute the proper reaction towards
the body’s demands and keeping it in homeostasis. The
central function of the liver for homeostasis and inflamma-
tory responses is also underscored by its sole anatomical
location, allowing continuous blood supply not only from
the arterial system (hepatic arteries) but also from the
gastrointestinal tract via the portal vein (Fig. 1). Circulating
blood cells, e.g., from the innate or adaptive immune
system, are pressed through a network of sinusoids
allowing contact to a variety of intrahepatic cell popula-
tions, such as parenchymal liver cells (hepatocytes),
endothelial cells, liver-resident macrophage (Kupffer cell)
or lymphocyte [mainly natural killer T (NKT) cells]
populations, hepatic stellate cells, and others (Fig. 1) [1].
Communication between these cell types and the regulation
of hepatic functions are primarily achieved by cytokines.
Cytokines are small-molecular-weight messengers secreted
by one cell to alter the behavior of the cell itself (autocrine
messenger), a closely related cell (paracrine messenger), or
cells in different organs (endocrine messenger) [2]. This
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review will address the function of intrahepatic immune
cells in homeostasis and inflammation, highlight some of
the relevant cytokines and mediators for liver homeostasis,
and discuss the manifold consequences of cytokine-driven
activation of hepatocellular signaling pathways in liver
homeostasis and injury.

Intrahepatic immune cells as producers and targets
of cytokines

Besides its various metabolic functions, the liver is also a
central “immunological” organ. Blood coming from the
gastrointestinal tract is enriched of potential antigens, and
immune cells in the liver have the potential to initiate both
(a) innate and adaptive immune responses in the case of
infections, e.g., in response to lipopolysaccharide (LPS) or
bacterial superantigens, or (b) immunological tolerance in
the vast majority of harmless antigens during homeostasis.

Innate immune effector cells The liver is selectively
enriched in macrophages (Kupffer cells), natural killer
(NK), and NKT cells. Although it has long been known
that Kupffer cells principally originate from bone-marrow-
derived monocytes [3], Kupffer cells have long been
considered a rather sessile, tissue-resident, and (fairly)
radio-resistant population [4, 5]. Recent data challenge this
concept, as mouse models of bone marrow transplantation
and experimental liver transplantation revealed that more
than half of the Kupffer cells in a steady state liver originate
directly from bone-marrow precursors, indicating a high
turnover rate of macrophages in liver homeostasis [6]. In

the case of inflammation, blood-derived infiltrating mono-
cytes may become even more dominant for macrophage
actions, as suggested by animal models of chronic liver
injury and fibrogenesis [5, 7]. Monocytes consist of at least
two major subsets with different migratory and functional
properties [8–10]; their specific roles in liver homeostasis
and inflammation as macrophage-precursors are the subject
of intensive ongoing research.

Kupffer cells (resident or monocyte-derived) have the
capacity to phagocyte and to release a broad panel of
cytokines that critically determine the subsequent reactions
of other immune cells and hepatocytes, as well as the
degree of organ damage [11]. Kupffer cells can release a
variety of proinflammatory cytokines such as tumor-
necrosis factor alpha (TNF-alpha), interleukin (IL)-6, IL-
1β, or leukotrienes (Fig. 2) [2] but, on the other hand, e.g.,
in the context of low “physiological” levels of LPS, also
anti-inflammatory cytokines like IL-10 [12]. In acute or
chronic liver diseases, Kupffer cells and infiltrating mono-
cyte-derived macrophages are well known to promote
inflammatory cascades by releasing these proinflammatory
mediators with consequences like T cell attraction, induction
of hepatocyte apoptosis (Fig. 2), or activation of fibrogenic
hepatic stellate cells [11, 13]; however, recent experimental
data indicate that macrophages are also required to restrict
the inflammatory response and to degrade extracellular
matrix proteins for the regression of liver fibrosis [5, 14].

NK cells represent a population of lymphocytes with
potent cytolytic activity against virus-infected or tumor
cells. Hepatic NK cells are regulated by Kupffer-cell
derived cytokines, e.g., IL-12 and IL-18, as well as NKT

Fig. 1 Intrahepatic cell populations. The healthy liver comprises
about 60–80% hepatocytes; the other intrahepatic cell populations
include biliary cells, liver sinusoidal endothelial cells (LSECs) lining
the liver sinusoids, Kupffer cells (KC), and hepatic stellate cells (HSC)
in the Dissé space between hepatocytes and LSECs. In addition, many

immune cells are found in the liver, mainly entering from the
circulation via hepatic arteries and portal vein branches, including
neutrophils (PMN), monocytes (monos), dendritic cells (DCs), and
lymphocytes (T, B, NK, and NKT cells)
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cell-driven IL-4; NK cells produce large amounts of
(antiviral) interferon gamma (IFNg) upon activation
(Fig. 2) [15]. Hepatic NK cells modulate T cell responses
in the liver, promote intracellular changes in endothelial
cells and hepatocytes (mainly via IFNg), and can even
directly promote hepatocyte death or cell lysis [16]. In
chronic inflammatory conditions, e.g., chronic hepatitis B
virus infection, liver injury is closely linked to NK-
mediated IL-8 and IFNα synthesis, as well as accumulation
and activation of NK cells in the liver expressing the
apoptosis-inducing TNF-related apoptosis ligand (TRAIL)
[17].

NKT cells are a subpopulation of unconventional T cells,
as they express surface markers of T and NK cells, which
are found at unusually high frequencies in the liver. From
studies of experimental liver injury in mice after adminis-
tration of the plant-derived lectin Concanavalin A (ConA),
NKT have long been identified as critical factors promoting
acute liver damage by release of IL-4, IFNg, and direct
induction of Fas-mediated hepatocyte apoptosis (Fig. 2)
[18]. However, their physiological function has remained
somewhat obscure. Recent studies revealed an important
role of NKT cells in the early response against microbial
infections, as exogenous and endogenous glycolipid anti-

gens from bacteria were found to activate NKT cells [19,
20]. Furthermore, NKT cells are involved in antiviral
defense mechanisms, e.g., during chronic hepatitis B virus
infection, as suggested by studies in transgenic mice [21].

Antigen presenting cells and adaptive immune cells in the
liver For the initiation of adaptive immune responses,
antigens need to be processed and professionally presented
to T cells, either in the liver itself or in the draining lymph
node [1]. Several hepatic cell populations have antigen-
presenting properties. In noninflammatory conditions,
antigen-presentation by liver sinusoidal endothelial cells
appears to be a crucial mechanism for the maintenance of
immunological tolerance [22]. Furthermore, Kupffer cells
and also bone-marrow-derived dendritic cells, most likely
of monocytic origin, can efficiently prime T cells [1, 11].
The nature of the T cell response, e.g., T-cell cytotoxicity
in the case of a chronic viral infection or T-cell tolerance in
the case of harmless gut-derived antigens or autoantigens,
seems to depend on the antigen-presenting cells, the
cytokine milieu, and the site of primary T cell activation
[23, 24]. More recently, hepatic stellate cells, known for
vitamin A storage and collagen synthesis in liver fibrosis,
have been identified as cells with antigen-presenting
capacity that can activate T cell responses, e.g., after
bacterial challenge [25].

Cytokines and cytokine-receptors in the liver

Besides direct effects of immune cells on hepatocytes,
inflammatory pathways in the liver are largely regulated by
cytokines. Cytokine action is generally mediated by the
interaction of cellular receptors, which signal internally to
the nucleus, and external factors, which are able to bind
these receptors. These networks have evolved early in
evolution; pathways with strong homology to human
cytokine networks are already found in Drosophila and
mollusks [26]. For example, in Drosophila, nuclear factor
(NF)-kappaB-like transcription factors are activated in
order to combat infections; this represents one major role
of cytokine networks in higher organisms like humans.
Maintaining the ordered balance between proliferation and
controlled cell death (apoptosis) during embryonic devel-
opment and organogenesis is another important function of
cytokines in physiologic conditions. Since these functions
are preserved in the adult organism, a disturbance of the
critical balance might have deleterious effects [2]. Dysre-
gulated cytokine actions after liver injury can result in
excessive apoptosis, a key finding in various acute and
chronic liver diseases, e.g., viral and autoimmune hepatitis,
cholestatic disease, and alcoholic or drug/toxin-induced
liver injury [27]. Among the manifold cytokines relevant

Fig. 2 Selected key interactions between innate immune cells and
hepatocytes. Kupffer (macrophages), NKT, and NK cells are abun-
dantly found in the liver. Kupffer cells can release IL-6 and TNFα,
activating hepatocytic gp130-dependent STAT signaling cascades and
TNF-R-dependent activation of apoptotic caspase and/or antiapoptotic
(proinflammatory) NF-kappaB (NFkB) pathways. NKT cells exert
their actions via release of TNFα, IFNg, or FasL-mediated apoptosis.
NK cells can also release IFNg and may induce apoptosis via TRAIL
in the case of hepatocytic TRAIL-R expression
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for liver homeostasis and injury, we will highlight important
findings on TNF-alpha and IL-6, as these represent two
extensively studied pathways with exceptional significance
in the liver. Studies in patients and animal models have
strongly implicated that death receptor ligands such as TNF-
alpha or Fas ligand (FasL) are involved in the induction of
apoptosis and in triggering destruction of the liver [28]. The
IL-6 cytokine family, on the other hand, may have essential
functions in protecting the liver during acute or chronic
injury [29, 30].

TNF-alpha and its receptors TNF and FasL belongs to a
family of ten ligands (TNF, lymphotoxin-α, TNFβ, FasL,
OX40L, CD40L, CD27L, CD30L, 4–1BBL, and lympho-
toxin-β) that activate structurally related receptor proteins
known as the TNF receptor superfamily. Currently, 12
different death receptors are well established, including
TNF receptor 1 (TNF-R1, Fig. 4), TNF-R2, TNF-RP, Fas,
OX-40, 4–1BB, CD40, CD30, CD27, pox virus PV-T2, PV-
A53R gene products, and the p75 NGFR. In addition, the
apoptosis-signaling receptors death receptor (DR) 3, DR4,
and DR5; their ligand TRAIL; and a nonsignaling decoy
receptor TRID/DcR are recently identified members of
these superfamilies [31]. In patients with fulminant hepatic
failure, serum levels of TNF-alpha, TNF-R1, and TNF-R2
are markedly increased, and these changes directly correlated
with disease activity. In explanted livers of these patients,
infiltrating mononuclear cells expressed high amounts of
TNF-alpha and hepatocytes overexpressed TNF-R1 [28].

IL-6 and its receptor IL-6 belongs to a family of cytokines
comprising of IL-6, IL-11, leukemia inhibitory factor,
oncostatin M, ciliary neurotropic factor, novel neurotro-
phin-1/B cell stimulating factor-3, and cardiotrophin 1 [32].
IL-6 binds directly to hepatocytes by interacting with an
80-kd membrane glycoprotein (gp80) that complexes with a
signal transducing molecule named gp130 (Fig. 3A) [26].
Serum and intrahepatic levels of IL-6 are elevated in
patients with acute and chronic liver diseases [29]. The
other members of the IL-6 cytokine family have similar
receptors and mostly lead to complexes of gp130 with
another (related) signaling molecule (Fig. 3B).

Intracellular pathways controlling liver homeostasis
and inflammation

TNF-alpha signaling in the liver

In many instances, hepatic failure might result from an
imbalance between damaging and protective signals that are
very tightly regulated under physiologic conditions. As

mentioned above, TNF-alpha and related cytokines are key
players in liver homeostasis, as they can activate both
proapoptotic (mainly caspases) and antiapoptotic (mainly
NF-kappaB) pathways in hepatocytes (Figs. 2 and 4).

Activation of proapoptotic signaling cascades FasL and
TNF-alpha facilitate programmed cell death in a similar
manner by activation of caspases. The most important
target of both pathways orchestrating cellular death is the
aspartate-specific cysteine protease- or caspase-cascade,
consisting of initiator caspases such as caspases 8 and 9
and executioner caspases, e.g., caspase 3, 6, and 7. Since
proteolytic cleavage generates the mature caspases, one
way in which these enzymes are activated is via the action
of proteases, including other caspases [33]. TNF-alpha
signals through two distinct cell surface receptors, TNF-R1
and TNF-R2, of which TNF-R1 initiates the majority of
TNF-alpha’s biological activities. Binding of TNF-alpha to
its receptor leads to the release of the inhibitory protein
silencer of death domains from TNF-R1’s intracellular
domain. This results in the recognition of the intracellular
TNF-R1 domain by the adaptor protein TNF receptor-
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Fig. 3 Cytokines of the interleukin 6 family and their receptors. A
Interleukin 6 (IL-6) binds to the IL-6R/gp80, e.g., on hepatocytes. IL-
6-gp80 then complexes with the signal transducing molecule gp130.
Dimerization of two gp130 molecules activates intracellular signaling
cascades. B Members of the IL-6 cytokine family and their receptors
(schematic). LIF, leukemia inhibitory factor; OSM, oncostatin M;
CNTF, ciliary neurotropic factor; CT, cardiotrophin; NP, novel neuro-
trophin-1; R, receptor
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associated death domain (TRADD), which in turn recruits
Fas-associated death domain (FADD). FADD recruits
caspase-8 to the TNF-R1 complex, where it becomes
activated and initiates the protease cascade leading to
activation of executioner caspases and apoptosis (Fig. 4).
In contrast to TNF-dependent signaling, FasL can interact
directly with the death domain of FADD without recruiting
TRADD [34, 35]. In several studies, involvement of
mitochondria and the release of cytochrome c in the
apoptotic process has been demonstrated, and this was also
shown for FasL and TNF-alpha mediated apoptosis in the
liver [36, 37].

Activation of the NF-kappaB pathway Next to the activa-
tion of caspases, binding of TNF-alpha to its receptor also
leads to the activation of the NF-kappaB pathway (Fig. 4).
NF-kappaB is a dimer of members of the Rel family of
DNA-binding proteins. The mammalian NF-kappaB family
includes five cellular DNA-binding subunit proteins: p50
(NF-kB1), p52 (NF-kB2), c-Rel (Rel), p65 (RelA), and
RelB [38]. The NF-kappaB DNA-binding subunits share an
N-terminal Rel homology domain, which is responsible for
DNA-binding, dimerization, nuclear translocation, and
interaction with the inhibitory IkB proteins [39].

TNF-induced activation of NF-kappaB relies on the
phosphorylation of two conserved serines (S32 and S36 in
human IkBα) in the N-terminal regulatory domain of IkBs.

After phosphorylation, the IkBs undergo a second post-
translational modification: polyubiquitination by a cascade
of enzymatic reactions, followed by the degradation of IkB
proteins by the proteasome, thus releasing NF-kappaB from
its inhibitory IkB-binding partner so it can translocate to the
nucleus and activate transcription of NF-kappaB-dependent
target genes (Fig. 4) [40, 41]. Since the enzymes that
catalyze the ubiquitination of I-kB are constitutively active,
the only regulated step in NF-kappaB activation appears to
be, in most cases, the phosphorylation of I-kB molecules.

A high-molecular-weight complex, called “I-kB kinase
(IKK)-complex,” that mediates the phosphorylation of I-kB
has been purified and characterized (Fig. 4). This complex
consists of three tightly associated IKK polypeptides: IKK1
(also called IKKα) and IKK2 (IKKβ), the catalytic
subunits of the kinase complex [42–44], and a regulatory
subunit called NF-kB essential modulator, IKKg (NEMO)
[42, 45]. In vitro, IKK1 and IKK2 can form homo- and
heterodimers [46]. Both IKK1 and IKK2 are able to
phosphorylate I-kB in vitro, but IKK2 has a higher kinase
activity in vitro compared with IKK1 [42, 47–50].

Activation of the IKK complex upon TNF-alpha
stimulation involves IKK recruitment to the TNF-R1 [51–
53]. Besides TNF-R1, this process involves TNF-receptor-
associated-factor 2 (TRAF2) and the death-domain kinase
receptor-interacting protein (RIP). In response to TNF-
alpha treatment, TRAF2 recruits the IKK complex to TNF-
R1 via the interaction of the RING-finger motifs of TRAF2
with the leucin-zipper motif of both IKK1 and IKK2 [51,
53]. RIP can directly interact with NEMO and mediate IKK
activation, although the enzymatic activity of RIP is not
required for this process [52]. The mechanism by which
recruitment of the IKK complex to the TNF receptor leads
to IKK activation is not clear, but it might involve NEMO-
induced autophosphorylation of the IKK complex. Moreover,
ubiquitination of multiple factors that regulate the IKK
complex, like TRAF6/TAK1 or c-IAP1, an inhibitor of
apoptosis that is also part of the TNF receptor complex,
modulates the activity of the NF-kappaB pathway [41].

Consequences of NF-kappaB activation in the liver Nu-
merous studies have shown that NF-kappaB provides
survival signals in the context of death-receptor-induced
apoptosis in the liver. This process is assumed to involve
the transcriptional induction of various apoptotic suppres-
sors [54]. Evidence that NF-kappaB governs critical
antiapoptotic proteins comes from well-described animal
models. Injection of TNF-alpha into mice and addition of
TNF-alpha to hepatic cells resulted in activation of nuclear
translocation and of DNA binding of NF-kappaB [55], and
hepatocytes are resistant to apoptosis induced by TNF-
alpha or LPS, a potent inductor for endogenous TNF-alpha
in the liver, unless they are treated with inhibitors of

Fig. 4 TNF-alpha signaling in the liver. TNF-alpha binds to its
receptors, e.g., TNF-R1, and can thereby activate the proapoptotic
caspase cascades (via TRADD, FADD, and cleavage of procaspase 8)
or the antiapoptotic NF-kappaB pathway (via activation of the IKK
complex resulting in phosphorylation of IkBα, subsequent transloca-
tion of NF-kappaB to the nucleus, and expression of NF-kappaB
responsive genes). For details, please see main text
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transcription of (antiapoptotic) proteins like cycloheximide
or actinomycin D [56–58]. Knockout mice lacking the p65
subunit of NF-kappaB die between days E15 and E16 post
coitum as a result of fetal hepatocyte apoptosis [59]. This is
caused by increased sensitivity towards TNF-alpha since
TNF/p65 double-deficient mice are rescued from embryonic
lethality [60].

Genetic experiments have also highlighted the differential
functions of the IKK subunits in TNF-alpha-mediated liver
apoptosis. Mice lacking IKK1 die shortly after birth and
display a phenotype marked by thickening of skin and limb,
as well as skeletal defects [61, 62]. IKK2-deficient mice die
in utero approximately at embryonic day12.5 as a result of
massive apoptosis in the liver, and fibroblasts from these
mice show no activation of NF-kappaB in response to TNF-
alpha [63–65]. A similar phenotype was noted in mice
lacking the regulatory subunit NEMO, which also die from
massive apoptosis in the liver and show a defect in NF-
kappaB activation upon TNF-alpha stimulation in their
primary murine embryonic fibroblasts [66]. Therefore, at
least during embryogenesis, IKK2 and NEMO appear to be
the critical subunits for NF-kappaB activation and protection
of liver cells from proinflammatory cytokines like TNF-alpha.

The role of the IKK subunits in the adult animal is less
well understood. Conditional knockout mice based on the
cre/loxP system have emerged as new powerful tools to
study gene functions in the adult animal in vivo [67, 68]. In
a recent study, we showed that hepatocyte-specific ablation
of IKK2 does not lead to a strongly impaired activation of
NF-kappaB or increased apoptosis after TNF-alpha stimu-
lation, probably because IKK1 homodimers can take over
this function in the absence of IKK2 in the adult mouse
[69]. In contrast, conditional hepatocyte-specific knockout
of NEMO resulted in complete block of NF-kappaB
activation and massive hepatocyte apoptosis, underlining
that NEMO is the only irreplaceable IKK subunit for
prevention of TNF-alpha-mediated liver apoptosis [70].

Besides its antiapoptotic function in TNF-alpha-mediated
liver apoptosis, NF-kappaB appears to be also critically
involved in various models of experimental liver injury. For
instance, NF-kappaB DNA-binding occurs quickly upon
hepatic ischemia–reperfusion (I/R) injury [71], but it has
also long been unclear whether NF-kappaB-dependent
signaling withholds a protective or damaging role in I/R
injury. We showed that hepatocyte-specific conditional
knockout mice for IKK2 show a defect in NF-kappaB
activation after I/R [69]. Inhibition of NF-kappaB activation
in conditional IKK2-deficient mice protected them from
liver injury due to I/R [69], thus underlining that, depending
on the experimental model, the NF-kappaB pathway does
not serve as a survival pathway, but instead can aggravate
hepatocyte death and liver damage. However, complete
abolishment of NF-kappaB activation in conditional

NEMO-knockout mice resulted in massive hepatic inflam-
mation and apoptosis after I/R injury [70].

IL-6 signaling in the liver

IL-6 binds to the gp80/IL-6 receptor on hepatocytes that
then complex with the signal transducer gp130 (Fig. 3).
Binding of gp130 leads to dimerization of the intracellular
domains of two gp130 molecules, which promotes associ-
ation with receptor-associated Janus kinases (JAKs; JAK1,
JAK2, and TYK). The JAKs become activated and
phosphorylate different tyrosine residues on the gp130
molecule. Depending on the location of the phosphorylated
tyrosines, signal transducers and activators of transcription
(STAT) proteins (mainly STAT-3) and also the Ras/
mitogen-activated protein kinase pathway become activated
and trigger numerous downstream effects mediated by the
signaling of IL-6 and related cytokines (Fig. 5) [32].

An important role of IL-6-dependent signaling in the
liver is the induction of the acute phase response [72, 73],
and STAT3 participates in its transcriptional activation. In
patients with fulminant hepatic failure or with chronic liver
diseases, IL-6 expression in serum and liver tissue
correlates with disease progression [29, 30]. In experimen-
tal models of liver injury, mice deficient for the gp130
receptor in hepatocytes show an abolished acute phase
response and an increased susceptibility to LPS-induced
liver failure or to bacterial infections [30, 74]. In the model
of ConA-induced hepatitis, pretreatment with IL-6 can
protect mice from liver injury. This protection from ConA-
induced liver damage requires gp130 signaling in hepato-
cytes and is mediated via the gp130/STAT3 signaling
cascade, resulting in the upregulation of other cytokines,
such as the IL8 ortholog KC (CXCL1) and serum amyloid
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Fig. 5 IL-6 signaling in the liver. The complex of IL-6, gp80 (IL-6R),
and two gp130 molecules mediates IL-6 signaling via phosphorylation
of tyrosine (Y) residues of the intracellular gp130 molecule. Depending
on the location of the phosphorylated tyrosines, signal transducers, and
activators of transcription (STAT) proteins (mainly STAT-3), and also the
Ras/mitogen-activated protein (MAP) kinase pathway become activated
and trigger the downstream effects
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A-2 (SAA-2) [75]. Gp130-signaling in nonparenchymal
cells is, on the other hand, essential for mediating protective
IL-6/gp130 effects during experimental chronic liver
diseases and liver fibrogenesis [29]. Studies are ongoing
to translate findings of hepatoprotective effects of IL-6/
gp130 into novel therapeutic approaches in acute and
chronic liver diseases [26].

Conclusions

A growing number of studies have implicated immune
cells, cytokines, and cytokine-dependent pathways in the
development of liver failure, chronic liver disease, hepatic
inflammation, and liver fibrogenesis. Resident and infiltrating
immune cells have been linked to progression, but also to
restriction and regression of liver injury. Parenchymal and
nonparenchymal survival pathways like NF-kappaB or IL-6
withhold a protective function in many experimental liver
disease models and thus are an attractive target for a
pharmacological intervention [76]. However, many experi-
mental models highlighted dual functions of these key
players, namely beneficial or adverse effects. For instance,
blockage of monocyte infiltration into the liver may limit
disease progression but would negatively affect the resolu-
tion of liver fibrosis [5]. Thus, an inflammatory immune cell
is not necessarily detrimental in any context. Also, an
inhibition of NF-kB in the liver can have different outcomes
depending on the experimental model applied: protecting
from apoptosis in a model of TNF-dependent cell death vs
aggravating cellular necrosis in a model of I/R injury [67].
Thus, a survival pathway is not necessarily protective in any
context. Dissecting the cellular and molecular inflammatory
pathways during liver homeostasis and during liver injury
will hopefully provide the basis for novel specific therapeutic
approaches in the near future.
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