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Inflammatory and anti-inflammatory cytokines in chronic heart
failure: Potential therapeutic implications
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Abstract

Persistent inflammation, involving increased levels of inflammatory cytokines, seems to play a pathogenic role in chronic
heart failure (HF) by influencing heart contractility, inducing hypertrophy and promoting apoptosis, contributing to
myocardial remodeling. While several stimuli may be operating such as heat shock proteins, microbial antigens and
oxidative stress, it seems that the inflammatory response to these stimuli may represent a common final pathogenic pathway
in HF regardless of the initial event. Traditional cardiovascular drugs appear to have little influence on the cytokine
network, and immunomodulatory therapy has emerged as a possible new treatment modality in HF. Several animal studies
and also some clinical studies have suggested that downregulation of inflammation may improve cardiac performance.
However, the results from the placebo-controlled anti-tumor necrosis factor studies suggest no improvement or even
adverse effects of such therapy. Although somewhat disappointing, these negative results do not necessarily argue against
the ‘cytokine hypothesis’. These studies just underscore the challenges in developing treatment modalities that can
modulate the cytokine network in HF patients resulting in beneficial net effects. Further research will have to identify more
precisely the most important actors in the immunopathogenesis of chronic HF in order to develop more specific
immunomodulating agents for this disorder.
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Introduction as tumor necrosis factor (TNF)o, interleukin (IL)-
1f, IL-6 as well as several chemokines, e.g. mono-
cyte chemoattractant peptide (MCP)-1, IL-8 and

macrophage inflammatory protein (MIP)-1a (4-8).

Heart failure (HF) is a complex multi-step disorder
in which a number of physiological systems partici-

pate (1). The involvement of neurohormones in the
progression of HF has been firmly established
leading to new treatment modalities such as angio-
tensin converting enzyme (ACE) inhibitors and
p-blockers (2). However, despite state-of-the-art
cardiovascular treatment, chronic HF is a progres-
sive disease with high morbidity and mortality,
suggesting that important pathogenic mechanisms
remain unmodified by the present treatment mod-
alities. Persistent inflammation may represent such
unmodified mechanisms. Thus, since the initial
observation by Levine et al. (3), numerous studies
have demonstrated that HF patients have raised
plasma/serum levels of inflammatory cytokines such

Importantly, the rise in inflammatory mediators
seems not to be accompanied by a corres-
ponding increase in anti-inflammatory cytokines
such as IL-10, resulting in an inflammatory net
effect (4) (Figure 1). Increased expression of
inflammatory cytokines in HF patients has also
been demonstrated in circulating leukocytes at
both protein and mRNA levels, with particularly
high levels in the coronary circulation (9,10).
Moreover, these inflammatory mediators are
not only increased in the circulation, but
enhanced expression has also been found
within the failing myocardium (e.g. adhesion
molecules, TNFoa, IL-6-related cytokines and
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Abbreviations

ACE angiotensin converting enzyme

CTLA4 cytotoxic T lymphocyte-
associated antigen 4

HF heart failure

IDCM idiopathic dilated
cardiomyopathy

IL interleukin

IVIG intravenous immunoglobulin

L ligand

LVEF left ventricular ejection fraction

MI myocardial infarction

MIP macrophage inflammatory
protein

MCP monocyte chemoattractant
peptide

MMP matrix metalloproteinases

NF nuclear factor

OPG osteoprotegerin

PBMC peripheral blood mononuclear
cells

RANK receptor activator for NF-«kB

RANKL RANK ligand

TGF transforming growth factor

TIMP tissue inhibitors of MMPs

TLR toll-like receptors

TNF tumor necrosis factor

chemokine receptors), suggesting a potential central
role for cytokine-related interactions in the patho-
genesis of myocardial failure (11,12).

Figure 1. The cytokine network in patients with chronic HF
showing an imbalance between inflammatory (left) and anti-
inflammatory (right) mediators. This imbalance in the cytokine
network could represent an important target for immuno-
modulating treatment modalities in chronic HF. IL=interleukin;
TNF=tumor necrosis factor; sSTNF-Rs=soluble TNF receptors;
TGF=transforming growth factor; IL-1Ra=IL-1 receptor
antagonist.

Key messages

® Persistent inflammation, involving increased
levels of inflammatory cytokines, seems to
play a pathogenic role in chronic heart failure
by influencing heart contractility, inducing
hypertrophy and promoting apoptosis,
contributing to myocardial remodeling.

® Traditional cardiovascular drugs appear to
have little influence on the cytokine net-
work and immunomodulatory therapy has
emerged as a possible new treatment
modality in chronic heart failure.

® The negative results from the anti-TNF
studies underscore the difficulties and the
challenges in developing treatment modal-
ities that can modulate the cytokine network
in patients with chronic heart failure resulting
in beneficial net effects.

Parameters of immune activation: Prognostic
markers in chronic HF

Persistent immune activation in chronic HF has
been found independently of the etiology of HF,
possibly representing a final common pathogenic
pathway in this disorder (4). Several studies have
reported raised plasma levels of inflammatory
cytokines and chemokines in direct relation to
deterioration of functional class (i.e. New York
Heart Association classification) and cardiac perfor-
mance (e.g. left ventricular ejection fraction
(LVEF)) (4-6). Moreover, it seems that these
inflammatory mediators may give important prog-
nostic information in patients with chronic HF. For
example, in a sub-study to Studies on Left
Ventricular Dysfunction, patients with plasma levels
of TNFa<6.5 pg/mL had a better prognosis than
those with higher TNFua levels (8). Furthermore, in a
large population of HF patients (1200 patients, the
cytokine database from the Vesnarinone trial)
circulating levels of inflammatory cytokines (i.e.
TNF« and IL-6) and cytokine receptors (i.e. soluble
TNF receptors (TNFRs)) were found to be indepen-
dent predictors of mortality in patients with advanced
HF (13). These clinical data further support the
notion that raised levels of cytokines in HF patients
are not only epiphenomena, but may reflect
important pathogenic mechanisms in these patients.

What causes enhanced inflammation in HF?

While numerous studies have shown that HF is
characterized by chronic inflammation, the cause for
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this immune activation is at present unknown, but
several non-mutually exclusive mechanisms have
been suggested (Figure 2). Autoimmunity and var-
ious microbes are known to play a pathogenic role in
subgroups of idiopathic dilated cardiomyopathy
(IDCM), and such mechanisms could clearly
promote a persistent inflammation in HF (14).
However, raised cytokine levels appear not to be
restricted to IDCM, but are also found in ischemic
cardiomyopathy (4). Infection with certain microbes
(e.g. Chlamydia pneumoniae and cytomegalovirus)
has recently been suggested to be involved in
atherogenesis, and microbial antigens may also
induce myocardial damage through molecular mimi-
cry (15,16). Accordingly, persistent stimulation by
microbial antigens might well lead to cytokine
activation in HF patients. Moreover, endotoxins
have been suggested to trigger immune activation in
patients with HF during edematous episodes,
possibly secondary to leakage from the gastrointest-
inal tract (17). Based on the ‘infectious hypothesis’,
anti-microbial therapy could potentially be of
interest in the management of chronic HF.
However, except for the therapy of acute and
chronic concomitant clinically apparent infections,
the potentially beneficial effects of anti-microbial
therapy in HF as well as in atherosclerosis are at
present far from clear (18,19). Nonetheless, the
‘cytokine hypothesis’ does not depend on the
infectious hypothesis and several other factors may
lead to enhanced levels of inflammatory cytokines in
these patients. First, mechanical overload and shear
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Figure 2. Induction of inflammation in chronic heart failure
(HF). While several stimuli may be operating such as auto-
antibodies, heat shock protein, microbial antigen, bacterial
lipopolysaccharide (LPS), shear and oxidative stress, hypoxia,
hemodynamic overload and oxidized (Ox)-LDL, it seems that the
inflammatory response to these stimuli may represent a common
final pathogenic pathway in HF regardless of the initial event.
TLR=toll-like receptor.

stress may induce cytokine expression (e.g. MCP-1
and IL-8) in several cell types (20,21). Second,
hypoxia and ischemia are potent inducers of
inflammatory cytokines such as TNFa, MCP-1
and IL-8, involving activation of the transcription
factor nuclear factor (NF)-xB (22). Third, oxidized
low-density lipoprotein (LDL) cholesterol may
increase cytokine expression in endothelial cells
and monocytes, and such mechanisms may be of
particular importance in ischemic cardiomyopathy
(23). Finally, recent studies have suggested that a
group of pattern-recognition receptors named toll-
like receptors (TLR) may be involved in myocardial
inflammation, not only in response to microbes, but
also in response to molecules released from injured
and stressed cells, such as heat shock proteins and
reactive oxygen species (24). TLR-stimulation can
further lead to activation of transcription factors
such as NF-xkB with subsequent activation of
inflammatory cytokines, potentially leading to
immunological and inflammatory responses within
the myocardium. In fact, experimental studies have
demonstrated that TLRs may be important in the
regulation of both adaptive and maladaptive
responses to myocardial injury (25).

Pathophysiological consequences of immune
activation in HF

In addition to identifying cytokines that are dys-
regulated during HF, it is important to investigate
potentially pathogenic effects of these mediators,
and a growing body of evidence indicates that the
elevated level of inflammatory cytokines during HF
is not merely a parameter for chronic inflammation
in seriously ill patients. A series of experimental
studies has revealed that the biological effects of
cytokines may explain several aspects of the syn-
drome of chronic HF (26,27) (Figure 3). Thus,
TNFo and IL-1f have negative inotropic effects
on the myocardium by, for example, uncoupling
p-adrenergic signaling (28,29). Moreover, cardiac-
specific overexpression of TNFo has been found to
promote a phenotype mimicking several features of
clinical HF such as cardiac hypertrophy, ventricular
dilation and fibrosis, as well as several biochemical
and cellular defects (30). Also, infusion of TNFu in
concentrations comparable to those found in circu-
lation during HF seems to induce left ventricular
dysfunction in rats (31). Moreover, recent data
indicate that a complex TNFa-mediated regulation
of matrix metalloproteinases (MMP) and tissue
inhibitors of MMPs (TIMP) may contribute sig-
nificantly to myocardial remodeling by modulating
the balance between extracellular matrix synthesis
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Figure 3. Potential pathogenic consequences of increased tumor
necrosis factor (TNF)o activity within the failing myocardium.
MMP=matrix metalloproteinases; TIMP=tissue inhibitors of
MMPs.

and degradation (32,33). Furthermore, IL-6-related
cytokines, such as leukemia inhibitory factor and
cardiotrophin-1, signaling through their common
receptor subunit gpl130, have been found to be
potent inducers of cardiomyocyte hypertrophy
(34,35). A critical role for gp130-mediated signaling
in cardiomyocyte homeostasis and survival was also
supported by studies in ventricular restricted gp130
knock-out mice. Possibly due to profound myocyte
apoptosis, these mice rapidly develop dilated cardio-
myopathy when subjected to aortic pressure over-
load (36). Hence the gpl30-signaling pathway
seems to be critical in both adaptive and maladaptive
responses within the myocardium.

Chemokines, a family of chemotactic cytokines
causing directed migration of leukocytes into
inflamed tissue, may both indirectly (e.g. recruit-
ment and activation of infiltrating leukocytes) and
directly (e.g. modulation of apoptosis, fibrosis and
angiogenesis) promote myocardial failure (37).
Thus, interstitial monocyte infiltration in the myo-
cardium with development of a number of patholo-
gical changes characterizing HF, including cardiac
hypertrophy, ventricular dilation and depressed
contractile function, is found in transgenic mice
with myocardial over-expression of MCP-1 (38).
Moreover, gene therapy targeted against MCP-1 has
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been shown to attenuate LV function and HF after
experimental MI (39). Finally, the observation of
high embryonic mortality and developmental
defects, including cardiac ventricular septum defects
in the CXC-chemokine receptor (CXCR) 4 knock-
out mice indicates a crucial and direct role of
chemokines in the development and the function of
the myocardium (40).

‘New’ inflammatory mediators in chronic HF

Much attention regarding the immunopathogenesis
of HF has been drawn to central inflammatory
mediators like TNFo«, IL-18 and IL-6 (27).
However, much less is known about the levels and
potential pathogenic importance of other members
of the cytokine network. An important task for
future research in this area will therefore be to
identify ‘new’ inflammatory and anti-inflammatory
mediators in HF, possibly representing new targets
for therapy.

Activin A: Potential role in myocardial remodeling

Based on their role in regulation of growth,
differentiation and survival, several members of the
transforming growth factor (TGF)-f superfamily
such as activin A could potentially have biological
effects of relevance to the development of HF (41).
Moreover, growing evidence implicates that activin
A may play a role in inflammation, and elevated
levels of this cytokine have previously been asso-
ciated with some inflammatory disorders (42).
Recently, we demonstrated raised serum levels of
activin A also in chronic HF with increasing levels
according to disease severity as assessed by clinical,
hemodynamic and neurohormonal parameters (43).
Moreover, several lines of evidence suggest that this
cytokine might also play a pathogenic role in
myocardial remodeling. First, we showed that
activin A could upregulate MCP-1 production in
cardiomyocytes, indicating a role for activin A in
inflammation within the failing myocardium.
Second, probably connected to its role in wound
repair (44), we found that activin A increased the
cardiomyocyte expression of TGF-f#;, MMP-2 and
TIMP-1, genes that previously have been related to
fibrosis and remodeling of extracellular matrix.
Third, activin A upregulated the gene expression of
both atrial natriuretic peptide and brain natriuretic
peptide in cardiomyocytes, encompassing the so-
called fetal gene expression pattern associated with
myocardial hypertrophy. However, while these find-
ings support a role for activin A in myocardial
remodeling, further studies are needed to identify



78 P. Aukrust et al.

the role of this cytokine more precisely in the
progression of HF.

TNF superfamily ligands: Role in myocardial
dysfunction

While the pathophysiological role of TNFa« in HF
has been extensively examined and several studies
have reported raised TNFuo levels in this disorder,
recent reports suggest that also other ligands in the
TNF superfamily could play a pathogenic role in
chronic HF. Thus, some studies have found
increased Fas/Fas ligand (FasL) levels in HF
patients (45,46), and we have recently reported
enhanced expression of several other ligands in the
TNF superfamily in peripheral blood mononuclear
cells (PBMC) from HF patients (e.g. CD40L, TNF
Receptor Apoptosis Inducing Ligand and CD27L)
(47). Based on the knowledge from other disorders
and from experimental studies, these mediators
could possibly contribute to inflammation, apoptosis
and matrix degrading within the failing myocardium.
Moreover, the osteoprotegerin (OPG)/receptor
activator for NF-xB (RANK)/RANK ligand
(RANKL) axis, being members of the TNF/TNF
receptor superfamily, has been identified as a
candidate mediator for paracrine signaling in bone
metabolism (48), and we have recently demon-
strated enhanced systemic and myocardial expres-
sion of these mediators in both experimental and
clinical HF (49). As for serum levels of OPG and
RANKIL, increased levels were significantly cor-
related with functional, hemodynamic and neuro-
hormonal parameters for disease severity. More
importantly, RANKL was found to markedly induce
MMP activity in human fibroblasts, possibly con-
tributing to matrix degrading and remodeling within
the failing myocardium. In addition to its role in
bone homeostasis, the OPG/RANK/RANKL axis
seems to be involved in immune responses (50). In
particular, RANKL has been recognized as an
important regulator of dendritic cell function.
Thus, RANKL treatment prolongs dendritic cell
survival and increases the release of inflammatory
cytokines such as IL-15 and IL-1f (50). We have
demonstrated enhanced RANKL expression in T
cells from HF patients and it is tempting to
hypothesize that interactions between T cells express-
ing RANKL and dendritic cells, for example in the
failing myocardium, may represent a link between
adaptive and innate immune responses, leading to
both persistent and increased inflammation in HF
patients. This demonstration of enhanced OPG/
RANK/RANKL expression in HF suggests a role
for known mediators of bone homeostasis in the

pathogenesis of HF possibly representing new
targets for therapeutic intervention in this disorder.

Immunomodulatory effects of traditional
cardiovascular therapy

Based on the data outlined above, it is conceivable to
hypothesize that treatment targeting immune activa-
tion and inflammation may have beneficial effects
and represent a new therapeutic paradigm for
treatment of patients with HF. Based on experi-
mental studies, traditional cardiovascular drugs
could also potentially attenuate this persistent
inflammation. Thus several @ vitro studies and
studies in animal models have demonstrated
that neurohormones such as angiotensin II and
noradrenalin can induce the expression of inflam-
matory cytokines and that cardiovascular drugs such
as ACE-inhibitors and f-blockers may have anti-
inflammatory effects (51-53). However, few clinical
studies have examined how conventional HF med-
ication influences the immune activation in HF.
High-dose ACE-inhibition with enalapril has been
shown to cause a marked decrease in IL-6 bioacti-
vity, associated with a reduction in left ventricular
septum thickness (54). Thus, it is possible that the
anti-hypertrophic effect of ACE inhibition on the
myocardium may at least partly be mediated by a
reduction in IL-6 levels. However, except for this
effect on IL-6, ACE inhibitors seem to have only
minor influence on inflammation in HF patients
(54). Selective angiotensin II receptor blockers may
theoretically in some aspects be superior to ACE-
inhibitors, but we have recently shown that these
receptor blockers do not differ from ACE-inhibitors
in their ability to downregulate inflammation in HF
(55,56). Reduced IL-6 levels may be of importance
for the beneficial effect of amlodipine on mortality in
patients with IDCM, but this agent had no effect on
TNFu levels in these patients (57). Various lympho-
cyte subsets and monocytes express f-adrenergic
receptors, and several iz wvitro studies have shown
that f-adrenergic stimulation may modulate cyto-
kine production in these cells, possibly secondary to
enhanced intracellular levels of cyclic adenosine
monophosphate (58). However, long term treatment
with the f;-selective blocker metoprolol had no
significant effect on cytokine levels comparing
placebo in patients with HF (59). On the other
hand, a recent pilot study showed downregulatory
effects of carvedilol on IL-6 levels in plasma,
possibly implicating that more complete blockade of
the f-receptors (i.e. non-selective), or combined o-
and f-blockade may alter the cytokine network (60).
Nevertheless, despite ‘state of the art’-treatment,



patients with HF still have elevated levels of
inflammatory cytokines. Moreover, some of the
observed effects on the immune system may be
secondary to improved LV and not a direct effect of
these drugs. Thus, while conventional HF therapy
could have some anti-inflammatory effects, there is a
need for more specific immunomodulatory treat-
ment modalities in this disorder.

Negative results of the anti-TNF studies

Preliminary reports suggested that TNFu inhibition
with a recombinant soluble TNFR fusion protein
(etanercept) may have beneficial effects on cardiac
performance in HF patients (61). Given the poten-
tial central role of TNFu« in the pathogenesis of HF,
therapeutic modulation targeting this particular
cytokine has received much attention. However,
three clinical trials examining the effects of anti-
TNF therapy in HF were recently discontinued
because of lack of effect (RENAISSANCE,
RECOVER) or higher rates of mortality and
hospitalization (ATTACH) (62,63). The lack of
positive effects of anti-TNF treatment in these
studies may have several explanations. First, com-
pared to previous pilot studies in HF patients
(etanercept) and studies in other human disorders
(infliximab) the dosage used in these new multi-
center studies was rather high, and the correct
dosage for anti-TNF therapy in HF patients needs to
be established before any firm conclusion can be
drawn. In particular, recent reports suggest a dose-
dependent toxicity during anti-TNF therapy, further
underscoring this issue. Second, a recent study in
animal models showed that while -etanercept
decreased plasma cytokine levels, there was no
decrease in IL-6 and MCP-1 within the myocardium
(64). Third, the chimeric anti-TNF antibody (inflix-
imab) used in the ATTACH trial, directly binds to
the transmembrane form of TNF, resulting in
damage to TNF-expressing cells by both antibody-
dependent cellular toxicity, complement-dependent
cytotoxic effector mechanisms and by induction of
apoptosis (65). While such mechanisms may be
beneficial in inflammatory disorders such as inflam-
matory bowel disease, it may result in deleterious
effects in chronic HF, secondary to damage of
TNF-expressing cardiomyocytes. Fourth, while too
much of inflammatory cytokines such as TNF may
be harmful, too little of these mediators may also
have adverse effects on the myocardium reflecting
the involvement of these cytokines in both maladap-
tive and adaptive responses (28,36,66). Fifth, using
mice overexpressing TNFa, Li et al. recently demon-
strated that intervention with an MMP-inhibitor
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had clear beneficial effects in young mice, but not in
older mice with established HF (67). It is not
inconceivable that some degree of irreversibility also
may exist for other cytokine-mediated effects, and an
important area for future research will be to establish
when to initiate anti-cytokine treatment in HF.
Finally, and most importantly, while several studies
have focused on the possible pathogenic role of
TNFa and targeted therapy against this molecule,
further research in this area will have to identify
more precisely the most important actors in the
immunopathogenesis of chronic HF in order to
develop more specific immunomodulating agents in
this disorder. Thus, although the results of the
placebo-controlled

anti-TNF trials may seem disappointing, they do not
mean the end of the cytokine era before it has even
started. For example, although etanercept therapy
resulted in increased mortality in patients with septic
shock, few if anyone questioned the pathogenic role
of inflammation in this disorder.

Other potential immunomodulators in HF:
Clinical trials

In addition to anti-TNF therapy, several other
potential immunomodulators have been investigated
in HF patients (Table I).

Pentoxifylline

Pentoxifylline, a xanthine-derived agent known to
inhibit the production of TNFa was the first
immunomodulatory agent that showed beneficial
effects in chronic HF patients in clinical trials (68).
These results were confirmed in HF patients with
IDCM receiving treatment with ACE inhibitors
and f-blockers, showing a pentoxifylline-induced
improvement in symptoms and left ventricular

Table I. Immunomodulation in heart failure: Potential immuno-
modulatory treatment modalities

Pentoxifylline

Thalidomide

Soluble TNF receptors

Intravenous immunoglobulin

Immunoadsorption

Statins

Chemokine antagonists

Interleukin-10

Interleukin-1 receptor antagonist

Peroxisome proliferator-activated receptor agonists
Mast cell-stabilizing agent, i.e. tranilast

Inhibitors of T cell activation (e.g. CTLA4Ig fusion protein)
Autologous stem cell transplantation
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function (69). Although these findings were accom-
panied by decreased plasma levels of brain natriure-
tic peptide, TNFu and Fas, this does not prove any
causal relationship. In fact, pentoxifylline is a non-
specific inhibitor of phosphodiesterases with poten-
tial effects on the myocardium not necessarily
related to immunomodulatory properties of this
medication.

Thalidomide

The sedative and anti-nausea drug thalidomide has
been shown to have both anti-inflammatory and
anti-oncogenic properties, and diseases such as
erythema nodosum, rheumatoid arthritis and can-
cers are currently being treated with thalidomide.
Interestingly, thalidomide was recently shown to
improve the LVEF in HF patients (70). However,
few patients were studied in this open pilot trial.
Moreover, thalidomide has also been shown to
enhance CD8" T cell activity (71) and to increase
plasma levels of IL-12 (72), and together with its
anti-angiogenic properties (73), such effects might
limit its use in HF.

Statins

Treatment with hydroxymethylglutaryl coenzyme A
reductase inhibitors (statins) have led to a remark-
able improvement in the prognosis of coronary
artery disease (74,75). In addition to reducing
LDL cholesterol, recent data suggest that statins
also can act as immunomodulatory and anti-inflam-
matory agents, possibly related to the beneficial
effects of these medications (76-78). Interestingly,
in vitro experiments and studies in animal models
have shown that statins may prevent the develop-
ment of cardiac hypertrophy in a cholesterol-
independent manner involving immunomodulatory
as well as anti-oxidative and MMP-inhibiting effects
of these medications (79-81). In fact, the combina-
tion of cholesterol-lowering, immunomodulatory
and anti-oxidative properties suggest that statins
should be an interesting therapeutic approach in
HF. However, the loss of the protection that
lipoproteins may provide through binding and
detoxifying endotoxins entering the circulation via
the gut may be potentially harmful in HF patients
(82). Moreover, although statins exert anti-inflam-
matory properties, some important inflammatory
cytokines have been shown to be unmodified or even
up-regulated by these medications in some studies
(83,84). These uncertainties indicate the need for a
definitive outcome trial to assess the efficacy and
safety of statins in HF.

Immunoadsorption

Cardiac autoantibodies against cardiac cell proteins
such as mitochondrial proteins, contractile proteins,
cardiac f};-adrenergic receptors and muscarinergic
receptors may play a pathogenic role in IDCM, and
notably, their removal by immunoadsorption has
been shown to improve cardiac function in this
disorder (85,86). Interestingly, such therapy in
combination with subsequent intravenous immuno-
globulin (IVIG) therapy was recently shown to
decrease the numbers of activated leukocytes within
the failing myocardium (87). While IVIG has potent
modulatory effects on the cytokine network (see
below), no such effects have been demonstrated for
immunoadsorption and although similarities exist, it
is possible that these immunomodulatory treatment
modalities may have different mechanisms of action
with potential additive or even synergistic effects as a
consequence.

IVIG therapy in HF: Modulatory effects on the cytokine
network

Therapy with IVIG has been evaluated in a wide
range of immune-mediated disorders, such as
Kawasaki syndrome, dermatomyositis, idiopathic
thrombocytopenic purpura and multiple sclerosis
(88,89). Beneficial effects of IVIG have also been
suggested in acute and peripartum cardiomyopathy
(90,91), and recently we demonstrated in a double-
blind, placebo-controlled study that IVIG signifi-
cantly enhanced LVEF by 5% in HF patients,
independent of the etiology of HF (92). Several
non-mutually exclusive modes of action may be of
importance for the clinical effects of IVIG in
inflammatory disorders such as neutralization of
microbial antigens and superantigens, Fc-receptor
blockade, impairment of leukocyte adhesion to
endothelial cells and decreased apoptosis (93-95).
All these factors may be involved in the pathogenesis
of HF and may be potential targets for the beneficial
effects of IVIG in HF patients. IVIG has also been
found to attenuate complement inactivation (93),
but this appears not to be the case in HF patients. In
fact, we have recently shown that rather than
inactivation, IVIG induced complement activation
in these patients suggesting a role for complement
inhibitors in addition to IVIG in HF (96). In our
opinion, particular attention should be drawn
towards the effect of IVIG on the cytokine network.
Thus, we and others have demonstrated that IVIG
may influence the levels of several cytokines and
cytokine modulators, resulting in downregulation of
inflammatory responses (93,97,98). Indeed, we
showed that the improvement in LVEF in HF



patients was correlated with a marked rise in the
anti-inflammatory mediators IL.-10, IL-1 receptor
antagonist (IL-1Ra) and soluble TNFRs, accompa-
nied by a slight decrease in TNF« and IL-1pf,
suggesting an anti-inflammatory net effect with
potentially beneficial effect on the myocardium
(92). Moreover, we have recently reported that
IVIG therapy, but not placebo, may also down-
regulate chemokines and their corresponding recep-
tors in PBMC from HF patients, possibly
contributing to the beneficial effect of IVIG in HF
(9). Thus, IVIG appears to have a balanced and dual
effect on the cytokine network with a downregula-
tion of certain inflammatory mediators (e.g. IL-8
and II.-1) combined with an upregulation of anti-
inflammatory mediators (e.g. IL-10 and IL-1Ra).

New therapeutic targets in HF

In addition to therapy directed against TNFo several
immunomodulatory treatment options with the
potential to improve myocardial function have been
investigated in animal models and i wvitro systems
as well as in some pilot studies in HF patients
(Table I). Recently, the plasticity of uncommitted
stem cells has opened up new perspectives in tissue
regeneration, and such an approach has also been
applied to restore cardiac function after myocardial
infarction (MI) (99). Interestingly, members of the
TGF-f superfamily seem to promote differentiation
of embryonic stem cells into cardiomyocytes, and
other cytokines including chemokines and members
of the TNF superfamily could also be involved in
this process (100). Thus, these cytokines could have
a therapeutic potential as adjuvants in stem cell
therapy.

We have recently demonstrated enhanced T cell
activation in chronic HF, potentially contributing to
both systemic and myocardial inflammation (10).
Thus, intervention that inhibits this unwanted T cell
activity could represent a new treatment modality in
HF. Cytotoxic T lymphocyte—associated antigen 4
(CTLA4) has been suggested as an attractive target
for modulation of T cell activity (101). CTLA4 is
expressed on the surface of T cells hours or days
after they become activated, and a genetically
constructed CTLA4Ig fusion protein has been
shown to block T cell activation by binding to
CD80 and CDS86 on antigen-presenting cells,
thereby preventing these molecules from engaging
CD28 on T cells. By blocking the engagement of
CD28, CTLAA4Ig prevents the delivery of the second
co-stimulatory signal that is required for optimal T
cell activation (101). Such an approach to inhibit T
cell activation has demonstrated beneficial effects in
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many animal models of autoimmune disease and
allograft rejection, and CTLA4Ig was recently
shown to improve signs and symptoms of disease
activity in patients with rheumatoid arthritis (102).
Based on the potential pathogenic role of T cell
activation in chronic HF such an approach for T cell
inhibition could also be beneficial in HF patients.

In addition to therapy directed against TNFa,
several immunomodulatory treatment options with
the potential to improve myocardial function have
been investigated in animal models and @ wvizro
systems. Thus, gene therapy with an MCP-1
antagonist was recently found to attenuate the
development of ventricular remodeling in a mouse
model for post-MI HF (39). Also, IL-10 has been
found to have protective effects on the development
of viral myocarditis in mice (103), and IL-1 receptor
antagonist may provide cardioprotection against
ischemia-reperfusion injury in rat cardiomyo-
cytes (104). Moreover, activators of peroxisome
proliferator-activated receptors have been shown
to impair endotoxin-stimulated TNFo expression
in rat cardiomyocytes and to impair cardiac hyper-
trophy in pressure overload exposed mice, at least
partly by inhibiting NF-xB activation leading
to a decreased inflammatory response (105,106).
Furthermore, treatment with tranilast, a mast cell-
stabilizing agent, has been found to prevent the
evolution from compensated hypertrophy to HF in
mice, suggesting a role for these immunocompetent
cells in the progression of HF (107). Interestingly,
tranilast has also been shown to modulate other cell
types with relevance to cardiac remodeling such as
fibroblasts (108).

Conclusion

Several lines of evidence suggest a role for inflam-
matory cytokines in the pathogenesis of chronic HF.
Although somewhat disappointing, the negative
results from the placebo-controlled anti-TNF stu-
dies do not necessarily argue against this ‘cytokine
hypothesis’. These studies just underscore the
difficulties and the challenges in developing treat-
ment modalities that can modulate the cytokine
network in HF patients resulting in anti-inflamma-
tory and beneficial net effects (Figure 1). Further
research in this area will have to identify more
precisely the most important actors in the immuno-
pathogenesis of chronic HF in order to develop more
specific immunomodulating agents for this disorder.
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