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Abstract

Most liver diseases are characterized by inflammatory
processes with enhanced local expression of various
pro- and anti-inflammatory cytokines. These cy-
tokines are the driving force of many inflammatory
liver disorders often resulting in fibrosis and cirrhosis.
Severe alcoholic hepatitis is the prototype of such a
disease where tumor necrosis factor-alpha (TNFa)
plays a key role. Anti-TNF treatment strategies might
also improve other chronic inflammatory liver diseas-
es such as primary sclerosing cholangitis or chronic
hepatitis C infection. Adiponectin, the key adipocy-
tokine, is another important mediator with mainly
anti-inflammatory properties and beneficial effects in
many experimental models of liver injury. The inflam-
matory injury plays a key role in most known liver
diseases and specific neutralizing strategies are ea-
gerly awaited.

Introduction

Cytokines are pleiotropic, regulatory peptides that
can be produced by all types of liver cells. The cy-
tokine family consists of several sub-families: the in-
terleukins, the tumor necrosis factor (TNF) family,
interleukin (IL)-6 and IL-6-related cytokines, interfer-
ons, chemokines such as IL-8, transforming growth
factor-beta, colony-stimulating factors and others. In
most tissues, including the liver, constitutive produc-
tion of cytokines is absent or low. However, as physi-
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ologic and pathologic stimuli activate cells, the pro-
duction of these autocrine, paracrine and endocrine
effector molecules increases, and they, in turn, or-
chestrate the tissue’s response to the stimulus. There
is increasing evidence supporting a major role for sev-
eral cytokines in various aspects of inflammatory liver
diseases and liver tissue repair (table 1). Cytokines
are proximal mediators of hepatic inflammation, liv-
er-cell death, cholestasis and fibrosis, but paradoxi-
cally also mediate regeneration of the liver after in-
jury. Among the various cytokines, two cytokines from
different cytokine families, namely the proinflamma-
tory molecule TNF alpha (TNFa) and the anti-inflam-
matory adipocytokine adiponectin, have emerged as
key cytokines in various aspects of liver diseases.

Cytokines and the normal liver

TNFa production is one of the earliest events in many
types of liver injury, triggering the production of oth-
er cytokines that together recruit inflammatory cells,
kill hepatocytes, and initiate an hepatic healing re-
sponse that includes fibrogenesis. Although the liver’s
anatomic location and central role in drug and xeno-
biotic detoxification expose it to factors, such as re-
active oxygen species and bacterial endotoxins, that
induce TNFa production in other tissues, transcrip-
tion of the genes for TNFa and other cytokines such as
IL-10 is barely detectable in the normal liver. Moreo-
ver, administration of TNFa to animals or incubation
of hepatocytes with TNF« in vitro promotes hepato-
cyte proliferation, rather than death. The same re-
sponse (i.e., hepatocyte proliferation) also occurs
after 70 percent partial hepatectomy, an insult that
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TABLE | Key properties of cytokines involved in liver diseases

Pro-inflammatory cytokines
Interleukin-1 (IL-1)-type cytokines (IL-1ca, IL-18, TNFa)
Prototype proinflammatory cytokines, stimulation of acute phase protein synthesis
Interferon-gamma (IFNv)
Immunoregulatory T helper cell (Th)-1 cytokine, induces TNFa
Interleukin-12
Th-1-directing cytokine
Interleukin-17
Key cytokine directing neutrophil trafficking
Interleukin-18
IFNvy-inducing factor, proinflammatory at a very early step in the immune response
Gp130-signaling cytokines (IL-6, IL-11, leukemia inhibitory factor, oncostatin M, ciliary neurotrophic factor, cardiotrophin)
Pro- and anti-inflammatory activities, stimulation of most acute phase proteins
IL-6 regulates hepatic regeneration and immunoglobulin synthesis
IL-32
Anti-inflammatory cytokines
IL-1 Receptor antagonist
Member of the IL-1 family; blocks binding of IL-1 to cell-surface receptors
Prototype anti-inflammatory cytokine
Soluble IL-1 receptor type Il
Binds circulating IL-1
Soluble tumor necrosis factor receptor (TNFR) p55 (1)/p75 (Il)
Naturally occurring TNF inhibitors
Comprised of extracellular domains of the two known TNFRs, p55 and p75
Block TNF-regulated inflammatory processes
IL-18 binding protein
Neutralizes IL-18
Interleukin-10
Prototype anti-inflammatory cytokine, regulates B-cell function
IL-4, IL-13
Th-2 cytokines, regulate B-cell function, suppress synthesis of proinflammatory cytokines
Cytokines involved in immune responses
IL-2, IL-4, IL-7, IL-9, IL-12, IL-15, IL-17, IL-22, IL-23, IL-33
Th-1 cytokines (IL-2, IFNvy)
Direct anti-viral response, proinflammatory
Th2-cytokines (IL-4, IL-5, IL-10)
Mediate inflammation, allergic responses and immunoglobulin synthesis
Cytokines involved in acute liver failure
TNF and TNFR p55/p75
Death receptors (Fas, Fas ligand)
Critically involved in liver injury and apoptosis
IL-18
Mediates TNF-and Fas-related experimental liver failure
Fibrogenic cytokines
Transforming growth factor-beta
Prototype fibrogenic cytokine, upregulation by proinflammatory cytokines
Platelet derived growth factor
Fibroblast growth factor
Anti-fibrogenic cytokines
Hepatocyte growth factor
Anti-fibrogenic, anti-apoptotic, promotes liver regeneration
Interferon-alpha
Anti-viral, immunomodulatory, anti-inflammatory, anti-fibrogenic
Adipocytokines
Adiponectin
Key anti-inflammatory adipocytokine
Leptin
Mainly pro-inflammatory and immunoregulatory functions
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acutely increases TNFa in the hepatic micro-environ-
ment. Indeed, antibody neutralization studies and ex-
periments with mice that lack type 1 TNF receptors
indicate that after partial hepatectomy liver regen-
eration is initiated by activation of type 1 TNF recep-
tors by TNFa.

Alcoholic hepatitis—the prototypic
cytokine-driven liver injury model

Pathophysiologic aspects in alcoholic hepatitis

Role of TNFa in AH

Recently, various proinflammatory cytokines have
been proposed to play a role in this disease’3. Among
these cytokines, the proinflammatory cytokine TNF«
has emerged as a key cytokine in the inflammatory
process. The involvement of TNFa has been especially
demonstrated in acute alcoholic hepatitis. Indeed, al-
coholic hepatitis was one of the first diseases shown
to exhibit increased circulating TNFa levels*®. In ad-
dition, serum concentrations of various TNF-inducible
cytokines such as interleukin-1 (IL-1) and IL-8 are also
increased in patients with acute alcoholic hepatitis.
Furthermore, plasma levels of both TNF and soluble
TNF receptors are correlated with endotoxemia and
stage of liver disease’. This finding, coupled with evi-
dence that long-term ingestion of alcohol increases
intestinal permeability and those patients with the
highest serum concentrations have the highest in-hos-
pital mortality, indicates that intestinally derived en-
dotoxin and endotoxin-regulated cytokines such as
TNFa, have a role in the pathogenesis of alcoholic
steatohepatitis. Furthermore, Mookerjee et al dem-
onstrated that TNFa is the key mediator of portal and
systemic haemodynamic derangements in severe al-
coholic hepatitis®.

Animal models highlighting the role of TNF«

Human data supporting a key role for TNF« in alco-
hol-related liver diseases are further substantiated
by data from animal experiments®'. Several studies
in rats, mice, and tissue culture focused on the role
of cytokines, especially TNFa, in experimental mod-
els of alcoholic liver disease. Perhaps the most com-
pelling evidence supporting a key role for this cy-
tokine comes from studies using mice in which the
type-1 TNF receptor gene has been disrupted as
these mice are resistent to alcohol-induced liver dis-
ease'. Anti-TNF antibody treatment has also been
successfully used to prevent liver injury in alcohol-
fed rats. Furthermore, alcohol-associated liver inju-
ry is inhibited when the animals are treated with
poorly absorbed oral antibiotics or lactobacillus to

decrease endotoxemia, supporting the hypothesis
that gut-derived bacterial products such as endotox-
in might be important in activation of Kupffer cells
and/or other cell types in the liver. This is in accord-
ance with the recent observation that chronic etha-
nol feeding causes more severe liver injury in wild-
type mice than in CD14 knockouts. These results
further support the notion that gut-derived endotox-
in acting via its cellular receptor CD14 plays a major
role in the development of early alcohol-induced
liver injury.

Anti-cytokine based therapies for alcoholic
hepatitis

Pentoxifylline

The observation that TNFa levels are increased in pa-
tients with alcoholic hepatitis provided a rationale
for the study of pentoxifylline (an inhibitor of TNF
synthesis) in alcoholic hepatitis. So far, only one study
has been performed. In this study, 101 patients with
severe alcoholic hepatitis were included. Mortality at
four weeks was significantly decreased in the group
randomized to pentoxifylline (25 versus 46 percent)'2.
The benefit appeared to be related to a significant
reduction in the risk of developing hepatorenal syn-
drome. These results are encouraging but need to be
confirmed by others before this therapy can be rou-
tinely recommended. The study did not include a
treatment arm with corticosteroids, although the sur-
vival benefit was higher than observed in several stud-
ies with corticosteroids.

Louvet and colleagues recently presented evidence
that pentoxifylline therapy is not effective in patients
not responding to a short course of corticosteroid
therapy. In this study, 29 corticosteroid non-respond-
ers were treated with pentoxifylline over a month. At
the end, there were no differences between pentoxi-
fylline-treated patients versus matched controls.
Therefore, this treatment approach might not be ef-
fective at least in the prognostically worst group
which is not surprising as pentoxifylline is a weak
anti-inflammatory drug without major effects on neu-
trophil dysfunction which has been demonstrated to
be of importance in these patients.

Anti-TNF antibody treatment of acute alcoholic
hepatitis

Based on studies of alcohol-related liver disease in
animals alternative therapies for these diseases have
been proposed. In animals, treatment with various
anti-oxidants decreases alcohol-induced liver damage
and improves the fatty liver that develops in rats fed
choline- and methionine-deficient diets, but so far
the benefits have been inconsistent in the small
groups of patients with alcoholic liver disease.
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Evidence that TNFa is important in animals with st-
eatohepatitis suggests that TNFa is another potential
therapeutic target in patients with these diseases. Re-
cently various TNF-neutralizing agents have been suc-
cessfully used in the treatment of chronic inflamma-
tory disorders such as Crohn’s disease, ulcerative
colitis, rheumatoid arthritis and psoriasis. Based upon
those experiences and the convincing preclinical and
clinical data on the role of TNF« in alcoholic hepatitis,
pilot trials with Infliximab, a TNFa-neutralizing anti-
body, have been performed and recently reported.

Spahr et al have randomized 20 patients with bi-
opsy-proven severe alcoholic hepatitis and treated
them with prednisone 40 mg/day for 28 days and ei-
ther infliximab 5 mg/kg body weight or placebo™. In-
fliximab was administered once on day 0 and was well
tolerated. At day 28, the Maddrey score improved sig-
nificantly only in the prednisone/infliximab group.
Furthermore, infliximab therapy was associated with
decreased circulating levels of IL-6 and IL-10 at day
10 of treatment, whereas histology was not affected
after a median time of 10 days (8-12 days). Even
though the authors observed changes in prothrombin
time and serum bilirubin, this pilot study gave no an-
swer about survival due too limited sample size of
included patients.

We recently reported results of a similar pilot study
with infliximab'™. In contrast to Spahr’s trial we did
not use steroids and treated 12 patients with biopsy-
confirmed alcoholic hepatitis and a Maddrey score >
32. We also used a single dose of 5 mg/kg infliximab.
All patients were hospitalized and received standard
treatment including treatment of alcohol withdrawal
with benzodiazepines, administration of fluid, calo-
ries, vitamins and minerals and management of as-
cites. In four patients we did a follow-up biopsy with-
in 28 days of treatment. We observed a significant
decrease in bilirubin levels, Maddrey score, neutrophil
counts and C-reactive protein levels. Changes in cir-
culating cytokine levels were only transient (IL-6, IL-
8). More importantly, we observed remarkable chang-
esin the expression of a mainly TNF-driven chemokine,
namely IL-8 in the liver and also histological improve-
ments with decreased fat content and reduced neu-
trophil infiltration in the liver. These changes suggest
that this novel treatment could also alter histological
features of the disease. Two patients, however, died
of septicemia within 28 days, whereas 10 of 12 pa-
tients were alive at a median of 15 months.

To further understand the effects of infliximab in
severe alcoholic hepatitis Mookerjee and colleagues
tested in infliximab-treated patients the hypothesis
that TNFa is an important mediator of the circulatory
disturbances in alcoholic hepatitis'. Cardiovascular
haemodynamics, hepatic venous pressure gradient
(HVPG) and hepatic and renal blood flow were meas-

ured before, 24 hours after infliximab, and prior to
hospital discharge. Of the 10 reported patients, nine
were alive at 28 days. Mean HVPG decreased signifi-
cantly at 24 hours with a sustained reduction prior to
discharge. Mean arterial pressure and systemic vascu-
lar resistance increased significantly paralleled by a
reduction in cardia index. Furthermore, hepatic and
renal blood flow also increased significantly suggest-
ing that TNFa indeed is one of the key mediators in
the observed circulatory disturbances in alcoholic
hepatitis.

The French Infliximab Study

A French multicentre infliximab trial in alcoholic hep-
atitis was stopped in October 2002 by the French drug
agency. In this study, the authors compared pred-
nisolone (40 mg per day) either with placebo or inf-
liximab given intravenously (10 mg/kg three times:
week 0, 2 and 4). Mean end-point was 2-months mor-
tality. After including 36 patients, an interim analysis
revealed higher mortality in the infliximab group and
the study was stopped. It needs to be mentioned,
however, that in this study unusual high doses of inf-
liximab combined with short treatment intervals were
used.

Etanercept in the treatment of ASH

Etanercept, a TNF receptor p75 fusion protein, showed
promising results in a small pilot study in patients
with moderate to severe ASH. Therefore, Boetticher
and colleagues performed a placebo-controlled, ran-
domized study which as been presented recently. In
this study, 48 patients with moderate to severe AH
(MELD score = 15) received six doses of etanercept
over a 3 week treatment period. The one month mor-
taility rates were similar whereas mortality rates at
six months were significantly higher in the etanercept
treated patients (58 vs 23%) raising serious concerns
about such a treatment approach. Therefore, one
may conclude that at least etanercept seems not to
be a promising option for this disease. Whether this
holds true for other anti-TNF agents is unclear.

So, what can learn from these conflicting results
with anti-TNF blockers? The main issue treating pa-
tients with advanced alcoholic hepatitis is their high
risk of severe infections. This aspect may be true us-
ing either steroids and/or anti-TNF agents. We now
know from many clinical trials using infliximab in pa-
tients with various diseases that despite its potential
to reactivate tuberculosis this treatment is associated
with a remarkable benfit/risk ratio also with respect
to infections. Certainly patients with alcoholic hepa-
titis may have an increased risk of developing tuber-
culosis or fungal infections compared to patients with
rheumatoid arthritis or Crohn’s disease. This may be,
however, also true for treatment with steroids. There-
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fore, it is probably more important to challenge our
current concepts in treating alcoholic hepatitis as
waiting in a smouldering disease until the patient ful-
fills a Maddrey score > 32. In our daily practice we
often observe the patient over days using a watch-
and-wait strategy until we finally decide to treat him
e.g. with steroids. This concept should be challenged
as we might think about earlier treatment dealing
with a patient who is less immunocompromised using
more selective treatment such as a neutralizing anti-
body. Certainly we need new concepts in better defin-
ing the patient population with alcoholic hepatitis
which needs early treatment, a concept which is
practiced in most diseases.

Adiponectin: the key adipocyte-derived
cytokine controlling inflammation
in the liver

Adipose tissue and its metabolic products have re-
cently gained dramatic interest both from the scien-
tific and the public community. Paralleled by the in-
creasing prevalence of obesity various soluble
mediators from the fat tissue have been identified
clearly demonstrating that the fat tissue is not an «in-
ert, lazy» tissue but acts as an endocrine organ com-
municating with many other tissues and especially
with cells from the immune system. Various products
of the fat tissue have been characterized including
not only cytokines such as TNFa or IL-6, but also me-
diators involved in clotting processes such plasmino-
gen-activator inhibitor type | and even more impor-
tantly so called adipokines such as leptin, resistin and
adiponectin®. Adipocytokines such as adiponectin cir-
culate in rather high concentrations and from a cy-
tokine perspective have many features beyond a clas-
sical cytokine even reflecting more the nature of a
hormone.

Adiponectin is a protein exclusively secreted from
adipose tissue and shares sequence homology with a
family of proteins that show a characteristic NH2-ter-
minal collagen-like region and a COOH-terminal, com-
plement factor C1qg-like globular domain. This adipok-
ine/cytokine is a relatively abundant plasma protein
found in multimeric complexes in the circulation at
relatively high concentrations in healthy human sub-
jects. Plasma levels are markedly reduced in visceral
obesity and states of insulin resistance such as non-al-
coholic steatohepatitis’® and diabetes mellitus type Il.

Anti-inflammatory properties of adiponectin
in vitro

Whereas adiponectin -/- mice show evidence of in-
creased systemic TNFa production (ref), adiponectin

itself also has an inhibitory effect on TNFa synthesis.
Adiponectin suppresses endotoxin-induced TNFa
mRNA expression in macrophages. Such a regulatory
effect could also be found in animal experiments.
Supplementation of plasma adiponectin using an ad-
enoviral transfection system decreased TNFa in KO
mice supporting the notion that adiponectin directly
suppresses TNFa'.

Three independent reports recently demonstrated
the induction of Ithe anti-inflammatory cytokine IL-10
by adiponectin?®?2, Kumada and co-workers demon-
strated an upregulation of IL-10 in human monocyte-
derived macrophages both at the transcriptional and
protein level. Induction of IL-10 by adiponectin in
their experiments furthermore upregulated tissue in-
hibitor of metalloproteinase-1 (TIMP-1), an important
matrix metalloproteinase (MMP). Interestingly, other
MMPs such as MMP-9 were not affected by adiponec-
tin. Wulster-Radcliffe et al presented a similar finding
in porcine macrophages where they also observed in-
duction of IL-10 by adiponectin. They also found a
suppressive effect of adiponecton on IL-6, a cytokine
which shows proinflammatory actions in many situa-
tions but also has anti-inflammatory actions. Addi-
tionally they found that adiponectin led to an attenu-
ation of translocation of NFkappaB (NFxB) to the
nucleus. We recently reported a similar finding dem-
onstrating that adiponectin induces IL-10 not only in
macrophages but also in primary human monocytes
and in dendritic cells (DC). We also could demonstrate
for the first time that adiponectin suppresses another
major proinflammatory macrophage product, namely
IFNy.

We recently presented clear evidence that adi-
ponectin besides IL-10 also upregulates another anti-
inflammatory cytokine, namely IL-1 receptor antago-
nist in human leukocytes. Therefore, it is now very
clear that adiponectin indeed upregulates at least
two critical anti-inflammatory cytokines (IL-10 and IL-
1Ra).

Anti-inflammatory properties of adiponectin
in experimental liver injury

Xu et al recently demonstrated a beneficial effect of
adiponectin on alcoholic and non-alcoholic fatty liver
disease in mice?. Administration of adiponectin into
mice with alcoholic liver disease dramatically allevi-
ated hepatomegaly and fatty liver steatosis and also
significantly attenuated inflammation and the elevat-
ed levels of serum alanine aminotransferase. In these
experiments, adiponectin suppressed both hepatic
TNFa expression and plasma concentrations of this
potent proinflammatory cytokine. Adiponectin was
also effective in improving hepatomegaly, steatosis,
and alanine aminotransferase abnormality in ob/ob
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mice?. These data suggest that adiponectin might
have a positive therapeutic effect not only in diseases
linked with insulin resistance as NASH but also in al-
coholic liver disease, a disease where fatty infiltra-
tion is obvious but insulin resistance not a common
feature.

Kamada et al used the carbon-tetrachloride liver
fibrosis model and demonstrated that adiponectin at-
tenuates liver fibrosis in mice?®. In this model carbon
tetrachloride is injected twice a week for 12-weeks
resulting in an extensive liver fibrosis. A single injec-
tion of adenovirus producing adiponectin either prior
or at 6 weeks after staring the carbon-tetrachloride
treatment prevented liver fibrosis in wild-type mice.
Hepatic stellate cells transformed into myofibroblast
cells under activation are considered the key cell type
in fibrosis. Adiponectin suppresses platelet-derived
growth factor-induced proliferation and migration of
cultured hepatic stellate cells and attenuates the ef-
fect of fibrogenic transforming growth factor-beta 1
on the gene expression of transforming growth factor-
beta.

Adiponectin also protects from endotoxin-induced
liver injury in another model of fatty liver, namely the
KK-Ay obese mice?. The Galactosamine/endotoxin in-
jury was more pronounced in KK-Ay obese mice com-
pared to lean controls. Pretreatment with adiponec-
tinameliorated the Galactosamine/endotoxin-induced
elevation of liver enzymes and apoptotic and necrotic
changes in hepatocytes, resulting in reduced lethali-
ty. These adiponectin effects were paralleled by de-
creased levels of TNFa both systemically and in the
liver.

These animal data together suggest that adiponec-
tin seems to have considerable preventive potential
in various models of liver toxicity and liver inflamma-
tion, all of which are characterized by increased TNFa
synthesis, further supporting the importance of adi-
ponectin-TNFa interaction.
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