
Cytokines are regulatory peptides that can be produced
by virtually every nucleated cell type in the body, such

as leukocytes, dendritic cells, epithelial cells, hepatocytes,
fibroblasts and many others (1,2). Constitutive production

of cytokines is absent or low. Most cytokines, however, are
released by activated cells and thereby function as key medi-
ators in immune and inflammatory disorders in an
autocrine, paracrine or endocrine manner. This growing
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H Tilg. Cytokines and liver diseases. Can J Gastroenterol
2001;15(10):661-668. Cytokines are pleiotropic peptides pro-
duced by virtually every nucleated cell in the body. In most tis-
sues, including the liver, constitutive production of cytokines is
absent or minimal. There is increasing evidence that several
cytokines mediate hepatic inflammation, apoptosis and necrosis
of liver cells, cholestasis and fibrosis. Interestingly, the same
mediators also mediate the regeneration of liver tissue after
injury. Among the various cytokines, the proinflammatory
cytokine tumour necrosis factor-alpha (TNF-α) has emerged as a
key factor in various aspects of liver disease, such as cachexia
and/or cholestasis. Thus, antagonism of TNF-α and other injury-
related cytokines in liver diseases merits evaluation as a treat-
ment of these diseases. However, because the same cytokines are
also necessary for the regeneration of the tissue after the liver has
been injured, inhibition of these mediators might impair hepatic
recovery. The near future will bring the exiting clinical chal-
lenge of testing new anticytokine strategies in various liver dis-
eases.
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Cytokines et hépatopathies
RÉSUMÉ : Les cytokines sont des peptides pléïotropes, produits par
presque toutes les cellules nucléées de l’organisme. Dans la plupart des
tissus, y compris le foie, la production constitutive de cytokines est mi-
nimale, voire absente. De plus en plus de données mettent en évidence
le fait que plusieurs cytokines agissent comme médiateurs dans l’inflam-
mation du foie, l’apoptose et la nécrose des cellules hépatiques, la
cholestase et la fibrose. Point intéressant à souligner, ces mêmes média-
teurs participent aussi à la régénération du tissu hépatique après sa lésion.
Parmi les nombreuses cytokines, le facteur de nécrose tumorale alpha
(TNF-α) pro-inflammatoire semble jouer un rôle clé dans diverses mal-
adies du foie, par exemple la cachexie ou la cholestase. Aussi les antago-
nistes du TNF-α et d’autres cytokines liées à l’apparition de lésions dans
les hépatopathies méritent-ils notre attention pour traiter ces maladies.
Toutefois, comme ces mêmes cytokines interviennent pour régénérer le
tissu hépatique après sa lésion, l’inhibition de ces médiateurs pourrait
entraver le processus de réparation. Bientôt, nous ferons face au défi cli-
nique de vérifier l’efficacité de nouveaux traitements ‹‹ anticytokines ››
dans diverses maladies du foie.



group of pleiotropic peptides includes interleukins (IL),
the tumour necrosis factor (TNF) family of cytokines, IL-6
and IL-6-related cytokines (oncostatin M, ciliary neu-
rotrophic factor, cardiotrophin, leukemia inhibitory factor),
interferons (IFNs), chemokines such as IL-8, transforming
growth factor-beta (TGF-β) and others. There is increasing
evidence supporting a major role for several cytokines in
various aspects of liver diseases (Table 1). With respect to
acute and chronic liver diseases, the net biological response
of cytokines involved in inflammation and fibrosis may
affect the outcome of these diseases. This review describes
current concepts and roles of cytokines in the pathophysi-
ology of liver diseases and possible therapeutic cytokine-
modulating strategies.

EXPERIMENTAL EVIDENCE FOR A ROLE
OF CYTOKINES IN LIVER DISEASES

AND LIVER REGENERATION
Animal models of hepatic injury and inflammation: Cyto-
kines are involved in several animal models of liver failure.
The prototype models showing an involvement of
cytokines in acute liver failure use injection of endotoxin in
galactosamine-sensitized animals and injection of con-
canavalin A (3,4). Inflammatory cellular infiltration (neu-
trophils, T cells) is a typical feature in these models. In both
models, the proinflammatory cytokine TNF-α is the central
mediator of apoptotic and necrotic liver damage. Anti-
inflammatory strategies such as prior administration of anti-
TNF antibodies, soluble TNF receptors, IL-6 or IL-10 have
prevented toxicity in both models (3-5). Whereas in most
animal models that use bacterial toxins, liver damage is
dependent on TNF and the presence of T cells (6), in a
murine cytomegalovirus model of hepatitis, toxicity is inde-
pendent of natural killer and T cells (7).

Despite their involvement in acute liver damage,
cytokines are also involved in a more chronic model of liver
inflammation and fibrosis. IL-10 gene-knockout mice
treated with carbon tetrachloride reveal significantly more
severe fibrosis and exhibit higher hepatic TNF-α levels
than wild-type control mice (8). Therefore, IL-10 synthe-
sized during the course of liver inflammation and fibrosis
may modulate Kupffer cell actions, and influence subse-
quent progression of fibrosis. 
Role of the Fas/Fas ligand pathway in hepatitis and liver
failure: Death receptors are members of the TNF/nerve
growth factor superfamily of receptors. Death receptors
include Fas, TNF receptors I (p55) and II (p75), and others.
Cells rapidly undergo apoptotic cell death upon Fas
engagement with Fas/Fas ligand (FasL) or agonistic anti-
bodies (9). 

Besides TNF, the Fas pathway is an independent trigger
of murine apoptotic liver failure and is involved in liver dis-
ease. Hepatocytes express Fas constitutively on their sur-
face, and Fas stimulation in mice has been shown to induce
fulminant hepatic failure within hours (10). It has been
shown that liver failure and liver cell damage in acute
Wilson’s disease involve Fas-mediated apoptosis (11).
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TABLE 1
Role of cytokines in liver diseases

Cytokines involved in immune responses

IL-2, IL-4, IL-7, IL-9, IL-12, IL-15, IL-17

Th-1 cytokines (IL-2, IFN-γ)
– Antiviral properties, proinflammatory

Th-2 cytokines (IL-4, IL-5, IL-10)
– Mediate allergic responses and Ig synthesis

Proinflammatory cytokines

IL-1α, IL-1β, TNF-α
– Regulate APP synthesis

IL-6-type cytokines (IL-6, IL-11, LIF, OSM, CNTF, CT)
– Pro- and anti-inflammatory activities, stimulation of most APP 
– Regulate hepatic regeneration and Ig synthesis

IFN-γ
– Immunoregulatory cytokine

IL-12
– Th-1-directing cytokine

IL-18
– IFN-γ-inducing factor

Anti-inflammatory cytokines

IL-1Ra
– Prototype anti-inflammatory cytokine; interferes with binding

of IL-1 to its receptor

Soluble IL-1 receptor type II
– Binds circulating IL-1α/β

Soluble TNFR p55 (I)/p75 (II)
– Naturally occurring TNF inhibitors

– Comprise extracellular domains of TNFRp55 and p75

IL-10
– Anti-inflammatory cytokine, regulates B cell function

IL-4, IL-13
– Th-2 cytokines, regulate B cell function, suppress synthesis 

of proinflammatory cytokines

Cytokines and acute liver failure

Fas, Fas ligand
– Critically involved in liver injury and apoptosis

TNF and TNFR p55/p75

IFN-γ

IL-18

Fibrogenic cytokines

TGF-β
– Upregulated by proinflammatory cytokines

PDGF

FGF

Antifibrogenic cytokines

IFN-α
– Antiviral, immunomodulatory, antifibrogenic

APP Acute phase proteins; CNTF Ciliary neurotrophic factor; CT Cardio-
trophin; FGF Fibroblast growth factor; Ig Immunoglobulin; IFN Interferon;
IL Interleukin; IL-1Ra IL-1 receptor antagonist; LIF Leukemia inhibitory
factor; OSM Oncostatin M; PDGF Platelet-derived growth factor;
TGF Transforming growth factor; Th T helper cell; TNF Tumour necrosis
factor; TNFRs TNF receptors



Various other hepatotoxic substances are also able to induce
apoptosis, including ethanol, toxins and bile salts. In alco-
holic cirrhosis, chronic viral hepatitis B and C, and fulmi-
nant hepatic failure of different etiology, upregulation of
the Fas/FasL system has been demonstrated (11).

It is still unclear which cytokine pathway reflects the
most proximal step in liver damage. Recent data suggest
that IL-18, another proinflammatory cytokine that has the
ability to induce IFN-γ production and synthesis of FasL,
accounts for both TNF-α and FasL-mediated hepatotoxic
pathways in endotoxin-induced liver injury in mice (12).
Neutralization of IL-18 in this model prevents liver damage
and synthesis of IFN-γ, TNF-α and FasL. Therefore, differ-
ent cytokine pathways, including IL-18, TNF-α and FasL,
may be involved in liver injury.
Cytokines and hepatic regeneration: Whereas TNF is a
key mediator of liver damage, it recently was shown that
this cytokine is also critically involved in hepatic regenera-
tion. After chemical liver injury, anti-TNF antibodies
inhibit regeneration, and in TNF receptor type I knockout
mice, liver regeneration is impaired (13,14). Interestingly,
in this model, injection of IL-6 compensates for this defi-
ciency, suggesting that this mediator is even more critical
for hepatic regeneration (14). Mice with targeted disrup-
tion of the IL-6 gene show impaired liver regeneration after
partial hepatectomy, which is characterized by liver failure
(15). Treatment of IL-6-deficient mice with a single preop-
erative dose of IL-6 prevented liver damage completely (15).

Hepatocyte growth factor (HGF), first identified as the
most potent mitogen for hepatocytes, has been shown to
have multiple biological properties in the liver, including
mitogenic, antifibrotic and anti-apoptotic activities. HGF
promotes liver regeneration, with rapid improvement of
hyperbilirubinemia in partially hepatectomized cholestatic
rats (16). Portal branch ligation with a continuous HGF
supply allows extensive hepatectomy in cirrhotic rats, sup-
porting the evidence that HGF has an important role in
hepatic regeneration (17). The factors involved in liver
regeneration, such as TNF-α, IL-6 and HGF, have been
demonstrated to activate similar signalling pathways and
transcription factors such as signal transducers and activa-
tors of transcription 3 (18). Thus, some cytokines involved
in liver damage, eg, TNF-α, are also critically involved in
liver regeneration. 

CLINICAL STUDIES OF ENDOTOXIN AND
CYTOKINES IN HEPATIC INFLAMMATION

Endotoxin and liver disease: Endotoxin is one of the most
powerful activators of the cytokine cascade (1,2). Several
studies have demonstrated increased circulating levels of
endotoxin in liver cirrhosis (19,20). Endotoxin, a con-
stituent of the cell wall of Gram-negative bacilli, can be
absorbed under normal circumstances from the gastroin-
testinal tract into the portal vein system and then under-
goes clearance by the hepatic reticuloendothelial system
(19,20). In patients with acute and chronic liver disease, an
impairment of the reticuloendothelial system and/or the

presence of portosystemic shunts may lead, in the absence
of sepsis, to the release of endotoxin into the systemic cir-
culation. Gastrointestinal bleeding, hypotension and alco-
hol intake can increase endotoxin absorption (19-21).
Endotoxin levels also correlate with the severity of hepatic
insufficiency and may be persistently elevated (19,21). It
has been suggested that bacterial infections and endotox-
emia may be important triggers of variceal bleeding in cir-
rhosis (21). Endotoxemia has been proven to be a powerful
activator of clotting and fibrinolysis in liver cirrhosis
(19,22). 

It is not known how tolerance may occur in patients
with continuous endotoxemia. In a rat model of chronic
administration of endotoxin and ethanol, it has been
demonstrated that tolerance may be mediated by downreg-
ulation of the hepatic expression of the CD14 endotoxin
receptor and the lipopolysaccharide-binding protein paral-
leled by enhanced hepatic synthesis of anti-inflammatory
cytokines (23). Despite the potential development of par-
tial tolerance toward endotoxin, overall cirrhosis-associated
endotoxemia may cause continuous activation not only of
the clotting, but also of the cytokine cascade, as discussed in
the next paragraph.
Evidence for impaired cytokine synthesis in liver dis-
eases: Either hepatic or extrahepatic cells are sources for
cytokine synthesis in liver diseases. Most cell types in the
liver such as Kupffer cells, hepatocytes, stellate cells and
lymphocytes are able to either synthesize or respond to
cytokines. Depending on the cause of liver disease, several
infectious, noninfectious and metabolic agents may act as
primary stimuli for cytokine production (1). In advanced
stages of liver diseases, endotoxin may play a central role in
the perpetuation of this process.
Increased serum/plasma concentrations of cytokines in
liver diseases: Although the pathogenetic role of circulat-
ing cytokines in the development of hepatic inflammation
is not clear, studies evaluating circulating cytokines are of
importance because they give insight into systemic disease
manifestations linked to these mediators. Initial reports
focused on studying circulating cytokines in acute liver dis-
eases. The first report showing increased circulating levels
of TNF and IL-1 in acute liver failure was published more
than 10 years ago (24). Subsequent studies showed similar
results, and especially focused on the balance of pro- and
anti-inflammatory cytokines. High cytokine levels observed
in patients with acute liver failure and the significantly ele-
vated IL-1 receptor antagonist (IL-1Ra)/IL-1β ratio in the
patients who survived compared with those who did not
suggest the possible therapeutic use of cytokine antagonists
for the control of this disease (25).

Elevated circulating levels of TNF-α, IL-1β, IL-6 and
IFN-γ have been described in most patients with chronic
liver disease irrespective of the etiology of liver disease
(26-29). In general, patients with cirrhosis demonstrate
higher circulating cytokine levels than patients without cir-
rhosis (26). In addition to increased proinflammatory
cytokines, patients with chronic liver diseases also exhibit
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elevated levels of anti-inflammatory cytokines such as
IL-1Ra, soluble TNF receptors or IL-10 (30-32). In sum-
mary, the data in liver disease suggest that the balance of
pro-/anti-inflammatory cytokines may be shifted toward the
proinflammatory axis.
Increased production by peripheral blood mononuclear
cells: Many studies show altered spontaneous and endo-
toxin-induced cytokine production by peripheral blood
mononuclear cells (PBMC) isolated from patients with
liver disease. Whereas most studies report increased produc-
tion compared with healthy controls (33), some studies sug-
gest normal or decreased cytokine synthesis (34). These
results have to be interpreted in the context that this may
be due to the activation state of the isolated PBMC because
it is well known that diseases associated with cytokine over-
production such as sepsis syndrome may show reduced
PBMC cytokine production (35). A strong correlation has
been reported between gene expression of IL-18, a potent
proinflammatory cytokine, in PBMC, endotoxin plasma
levels and stage of liver disease (36). Therefore, the some-
what contradictory reports with regard to cytokine produc-
tion from PBMC in liver diseases most likely reflect activity
of the underlying disease.
Hepatic expression of cytokines in liver diseases: Many
studies using reverse transcription polymerase chain reac-
tion, in situ hybridization or immunohistochemistry have
shown hepatic expression of a wide variety of cytokines in
patients with liver diseases. Most studies evaluated the
expression of proinflammatory cytokines, which are
enhanced in viral and nonviral liver diseases (37). Chronic
hepatitis C infection is associated with the expression of
TNF-α and T helper (Th)-1 cytokines, and progressive
liver injury correlates with increased intrahepatic expres-
sion of Th-1-associated cytokines (38,39). Chronic hepati-
tis B infection has been linked to enhanced expression of
either Th-1 or Th-2 cytokines (40). This may also reflect
the fact that some HBV antigens, such as the c and e anti-
gen, induce different Th subsets (41). Data in autoimmune
liver disease and primary biliary cirrhosis are more conflict-
ing with respect to the predominance of either a Th-1 or a
Th-2 cytokine pattern (42). However, all of those studies
support the concept of increased intrahepatic cytokine pro-
duction in liver diseases. 
Impaired synthesis of cytokine-regulated molecules in
liver diseases: Studies that show increased circulating lev-
els of cytokine-regulated molecules support the concept of a
consistently activated cytokine cascade in liver diseases.
Increased levels of neopterin, beta-2-microglobulin, soluble
IL-2 receptors and several adhesion molecules have been
reported in chronic liver disease (43,44). Furthermore,
increased serum and urinary nitrate concentrations charac-
terize liver cirrhosis and correlate with the extent of endo-
toxemia and hyperdynamic changes (45). Nitric oxide, a
molecule regulated partly by the cytokine-controlled
enzyme nitric oxide synthase, is centrally involved in the
hemodynamic abnormalities observed in chronic liver dis-
eases. This topic has been reviewed (46). 

Alcoholic liver disease and cytokines: Alcoholic liver dis-
ease is the prototype TNF-linked liver disease (47). The
involvement of TNF-α has been demonstrated both in
acute alcoholic hepatitis and in the chronic stage of alco-
holic liver disease. Alcoholic hepatitis was one of the first
diseases shown to exhibit increased circulating TNF-α lev-
els (48). Both plasma TNF-α and IL-6 levels predict
decreased long term survival in severe alcoholic hepatitis
(49,50). Furthermore, plasma levels of both TNF and solu-
ble TNF receptors are correlated with endotoxemia and
stage of liver disease (51). A recent report suggests that
alcoholic hepatitis and cirrhosis are associated with distinct
patterns of chemokine expression that are likely to be
important factors in determining whether a patient devel-
ops acute parenchymal inflammation or chronic septal
inflammation (52).  

BIOLOGICAL EFFECTS OF CYTOKINES
AND THEIR RELATION TO

ACUTE/CHRONIC LIVER DISEASE
Cachexia: The cachexia syndrome is characterized by
anorexia, weight loss, anemia and net losses of whole body
lipid and protein, and is very often found in end-stage liver
disease (53). Clinical signs of protein-calorie malnutrition
are seen in the majority of patients with liver cirrhosis (53).
Besides malnutrition and reduced calorie intake, other fac-
tors may be of importance in cachexia. The cytokine ini-
tially held responsible for causing cachexia was TNF (1,54).
Cachexia can be induced in mice inoculated with tumour
cells carrying and expressing genes for either TNF, IL-6, cil-
iary neurotrophic factor, leukemia inhibitory factor and
IFN-γ. More direct evidence of a role for cytokines comes
from observations that cachexia in experimental animal
models can be mitigated by administration of specific
cytokine antagonists (55,56). Leptin is another endogenous
mediator involved in anorexia and cachexia. Endotoxin
induces leptin mRNA in adipose tissue, an effect probably
mediated by TNF, causing alterations in leptin levels as
observed in liver diseases (57,58). Anticytokine strategies
such as thalidomide in patients with human immunodefi-
ciency virus- or tuberculosis-associated weight loss have
consistently resulted in weight gain.
Cholestasis: The topic of cholestasis has been reviewed
(59). Endotoxin administration has been found to induce
cholestasis in vivo (59). Administration of the proinflam-
matory cytokines TNF and IL-2 to humans also causes
cholestasis (60). Recent studies have shown that endo-
toxin/cytokine-induced cholestasis is caused mainly by
rapid downregulation of several transporter proteins such as
the basolateral sodium-dependent bile salt transporter
sodium taurocholate cotransporting polypeptide (59).
Mrp2, a homologue of the multidrug resistance protein mrp1,
is responsible for the excretion of multivalent anionic con-
jugates from the hepatocyte into the bile (61). This trans-
porter, therefore, is an important driving force of bile
formation. After endotoxin administration, a decrease in
the excretion of mrp2 by 50% is observed due to redistribu-
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tion of mrp2 from the canalicular membrane to an intracel-
lular subapical compartment (61). This decreased activity
of some of the transporter genes in endotoxin-treated rats
can be prevented by the administration of anti-TNF-α
antibodies. Despite that proinflammatory cytokines are key
mediators of cholestasis, it has also been established that
experimental obstructive jaundice leads to subsequent for-
mation of proinflammatory cytokines (62). Therefore, these
critical mediators may not only be responsible for inflam-
mation-associated cholestasis, but their synthesis may be
even further enhanced by this condition. 
Hypergammaglobulinemia: Polyclonal immunoglobulin
(Ig) stimulation is a common feature of chronic liver dis-
ease. Proinflammatory cytokines such as IL-1 act as costim-
ulating factors during activation of B cells (2). IL-6, a
circulating cytokine in most advanced liver diseases, is a
key cytokine with respect to B cell activation and Ig syn-
thesis. IL-6 acts on B cells at the mRNA level and mediates
the differentiation of B cells into Ig-secreting cells (63).
Neutralization of IL-10 inhibits secretion of IgG, IgA and
IgM by B cells activated with CD40 (64). The simultaneous
blocking of both endogenous IL-10 and IL-6 inhibits two-
thirds of the production of the three Ig isotypes when B
cells are triggered through CD40 in the presence of
Staphylococcus aureus particles (64). Therefore, it seems likely
that the continuous production of cytokines such as IL-6
and IL-10, as observed in chronic inflammatory diseases
may contribute to hypergammaglobulinemia. Not much is
known, however, about which cytokines are involved in
disease-specific Ig patterns in various liver diseases. 
Acute phase proteins: Acute inflammation is accompanied
by changes in the concentrations of several plasma proteins
known as acute phase proteins (APP) (65). The liver is
thought to play a central role in limiting local and systemic
inflammation. Hepatocyte-specific inhibitors of RNA and
protein synthesis such as galactosamine sensitize animals to
the lethal effects of endotoxin and TNF, suggesting that
proteins synthesized in the liver in response to endotoxin
and inflammatory cytokines somehow attenuate the biolog-
ical effects of these mediators (66). The role of certain APP
and their regulation have been reviewed (65). Several reports
suggest that APP also exert anti-inflammatory effects (66).
Hepatic fibrosis: Hepatic fibrosis is a wound-healing
process that develops during chronic liver injury (67). In all
circumstances of wound healing, inflammation, recruit-
ment and local proliferation of myofibroblast-like cells, and
remodelling of matrix are key components. In the liver,
myofibroblast-like cells are derived from activated hepatic
stellate cells. Stellate cell activation is a central feature of
all forms of liver injury (67). Fibrosis reflects a loss of home-
ostasis between fibrogenesis and matrix degeneration.
Matrix metalloproteinases, which can be activated by
cytokines, and their specific inhibitors such as tissue
inhibitor of metalloproteinases, are of considerable impor-
tance in this process. The initiation step of fibrosis is the
activation of stellate cells by mediators such as TNF
released from injured hepatocytes, neighbouring endothe-

lial cells and Kupffer cells (67). Nuclear factor kappa B, a
major downstream effector of TNF, is activated in many
inflammatory and/or fibrotic liver diseases (68). Based on
this knowledge, inhibition of nuclear factor kappa B is one
important target for the therapeutic blockade of early steps
of fibrogenesis.

Platelet-derived growth factor is the best characterized
and most potent among the proliferative factors perpetuat-
ing hepatic fibrosis (67). A large number of other cytokines,
such as IL-1, endothelin-1, fibroblast growth factor and
insulin-like growth factor, can drive stellate cell prolifera-
tion, although none is as potent as TGF-β. Platelet-derived
growth factor and TGF-β are regulated by proinflammatory
cytokines (67,69). Interestingly, IFN-α, the most commonly
used cytokine in the treatment of viral liver diseases, has
been demonstrated  to decrease fibrosis (70,71). The under-
lying mechanisms are not identified but may be related to
its partly anti-inflammatory activity (72).

POSSIBLE THERAPEUTIC
CYTOKINE-MODULATING STRATEGIES

IN LIVER DISEASES
In inflammation, IL-1 and TNF can be directly antagonized
using IL-1Ra or binding proteins such as soluble receptors
of IL-1 and TNF or specific antibodies. Alternatively,
cytokines with anti-inflammatory properties such as IL-10
can be used to decrease IL-1 and TNF biosynthesis, increase
the production of their natural antagonists and deactivate
inflammatory cells such as macrophages. Because inflam-
mation plays a crucial part in many acute and chronic liver
diseases, antagonism of these specific cytokines may offer a
promising new avenue of treatment.
Acute liver diseases: Antagonizing TNF with specific anti-
bodies or soluble receptors did not show any benefit in sep-
sis syndrome, including in patients with sepsis-related liver
failure (73). However, that such an approach could be of
interest in acute liver failure cannot be ruled out. Acute
liver diseases without immediate liver failure, such as alco-
holic hepatitis, may be an even more appropriate target for
an anticytokine approach. Alcoholic hepatitis is clearly
linked to TNF; therefore, antagonism of this specific
cytokine is of high clinical interest in this disease. Another
approach to targeting acute liver failure could be interfer-
ence with the death receptor Fas or with IL-18. HGF has
been shown to prevent liver failure in various models acting
as an antihepatitis cytokine. The exact mechanisms for
these protective effects have not been elucidated but may
involve the Fas pathway because HGF abrogates Fas-
induced fulminant hepatic failure in animals (74).

The early phase of liver failure in partially hepatec-
tomized rats induces a systemic inflammatory response syn-
drome triggered by circulating endotoxin because this type
of liver failure can be completely prevented by the endo-
toxin-neutralizing protein, N-terminal bactericidal/perme-
ability-increasing protein (75). Although corresponding
data in humans are lacking, removal of endotoxin in acute
liver failure has recently been demonstrated to be of benefit
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in a small group of patients (76). Administration of the
endotoxin-neutralizing bactericidal/permeability-increas-
ing protein could modulate some endotoxin-mediated
aspects of acute liver failure.
Chronic liver diseases – Antagonism of inflammation: It
has been established that antagonism of TNF is beneficial
in chronic inflammatory disorders such as Crohn’s disease
and rheumatoid arthritis (77). Therefore, similar strategies
could be applied to liver diseases characterized by chronic
inflammation. This is especially of relevance because, in
many chronic liver diseases, inflammation precedes and/or
accompanies fibrosis (10).
Antagonism of fibrosis: Fibrosis results as the net effect of
chronic inflammatory and noninflammatory liver diseases.
Therefore, antagonism of inflammatory cytokines alone
may not be sufficient. In this situation, targeting key
fibrotic cytokines, such as TGF-β, may be necessary.
Several cytokines, such as the commonly used cytokine
IFN-α, exhibit antifibrogenic activity (70,71). In addition,
it has been shown that HGF may attenuate liver cirrhosis
(78). In this study, transfection of the human HGF gene
into skeletal muscles of rats induced high levels of endoge-
nous HGF and more importantly suppressed the increase of
TGF-β, suppressed fibrogenesis and led to complete resolu-
tion of fibrosis in the cirrhotic rat liver (78). Therefore, in
the future, chronic liver disease may be targeted depending
on the severity of inflammation with or without fibrosis by
a combination of anti-inflammatory cytokines such as solu-

ble TNF receptors or IL-10, and antifibrogenic and regener-
ation-promoting cytokines such as HGF.

CONCLUSIONS
Cytokines are key mediators in the pathophysiology of
acute and chronic liver diseases, and essential molecules in
hepatic regeneration and fibrosis. Although endotoxin may
play the key pathogenetic role in advanced stages of liver
diseases, in acute and early chronic liver disease, the spe-
cific causative agents such as hepatitis viruses may trigger
the cytokine cascade. Antagonism of specific cytokines
important for the regulation of inflammation and/or fibrosis
may be of clinical importance in both early and late stages
of the disease. Several candidate cytokines or anti-
cytokines have been identified in the past years. Because
interference with the cytokine cascade in chronic inflam-
matory diseases such as Crohn’s disease or rheumatoid
arthritis has been demonstrated to be beneficial, the next
millennium will bring us to the exciting clinical challenge
of testing these approaches in liver diseases. 
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