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Abstract

Background: Cytokines have been shown to be associated with heart failure and to have multiple biological
effects that can lead to left ventricular dysfunction, pulmonaryedema, and left ventricular remodeling. However, the
effects of different cytokines, separately and in combination have not been fully determined. We aim to evaluate the
levels of both pro-inflammatory and anti-inflammatory cytokines in patients with congestive heart failure (CHF), as
well as in patients with coronary artery disease (CAD) and compare them to levels in normal controls (individuals
without CHF or CAD) as to suggest their possible etiologic role.

Methods and Results: In our study, the serum levels of IL-6, IL-10, IL-1β, IL-2 and TNF-α were measured in 19
patients with CHF, 18 patients with CAD without CHF and 8 controls, using immunoassays. There was a significant
increase in the serum levels of IL-6, IL1-β, IL-10 and TNFα in the CHF group, and of IL-6, IL-1β and TNFα in the
CAD group, compared with controls. Patients with CHF had significantly higher levels of anti-inflammatory cytokines
IL-6 and IL-10 and lower levels of pro-inflammatory cytokines IL-2 compared when compared patients with CAD,
emphasizing the different pathophysiologic mechanisms for these conditions.

Conclusion: Our studies suggest that patients with CHF had higher levels of Th2-type cytokines than patients
with CAD, suggesting their role in the development of heart failure. Further studies are required to elucidate the role
of cytokines in heart failure, and to understand the biological effects of cytokines and their role in the development of
CHF. This may lead to development of new treatments modalities targeting their effects.

Introduction
The quest to find the biologic mechanisms that explain the

development and the progression of heart failure has evolved
throughout the decades. Several models have been proposed to explain
the pathophysiology of congestive heart failure including the cardio-
renal model, the circulatory/hemodynamic model and the neuro-
hormonal model [1]. More recent studies have demonstrated the
significance of immuno-senescence in heart failure patients compared
to age matched controls, and a novel immunological-inflammatory
model is gaining increased attention explaining the development and
progression of heart failure [2].

Various inflammatory cytokines produce a myriad of effects and
cause imbalance in cardiac homeostasis. These effects include
pulmonary edema, left ventricular dysfunction, left ventricular
remodeling, cardiomyopathy and abnormalities in myocardial
metabolism [3-8]. It is the particular balance of pro-inflammatory and
anti-inflammatory cytokines that influence cardiac homeostasis.

Pro-inflammatory Th1 cytokines have been detected in patients
with heart disease including Interleukin-2 (IL-2) and Tumor Necrosis
Factor-α (TNF-α) [9-12]. IL-2 further stimulates downstream
production of other pro-inflammatory cytokines Interferon-g (IFN-g)
and Interleukin-4 (IL-4). TNF-α, produced by activated lymphocytes
and macrophages, plays an important role in the regulation of nitric
oxide metabolism in leukocytes and vascular endothelial cells [13,14].
Additionally, other pro-inflammatory cytokines like IL-1α, IL-2 and

interferon-γ can induce TNFα production [15]. TNF-α has negative
inotropic effects, and has been implicated in systolic dysfunction,
ventricular remodeling, interstitial fibrosis and myocyte apoptosis
[16-19].

Other pro-inflammatory cytokines include Interleukin-1α(IL-1α)
and Interleukine-1β(IL-1β). They have similar biologic activities and
exert their pro-inflammatory activities through binding with Type I
receptors. It was reported that IL-1β and TNF-α could separately and
synergistically depress human myocardial function (in vitro) [20].
IL-1-receptor antagonists might have a protective effect on the heart
by attenuating this inflammatory process [21]. This was shown by IL-1
blockade with Anakinra, which improved myocardial relaxation
properties and aerobic exercise tolerance in patients with HFpEF [22].

Anti-inflammatory Th2 cytokines have not been as frequently
studied as Type –I cytokines. Interleukin-10 (IL-10), has many anti-
inflammatory effects including inhibition of proliferation and
synthesis of IFN-gamma and IL-2 by Th1 lymphocytes; IL-4 and IL-5
by Th2 lymphocytes; IL-1β, IL-6, IL-8, IL-12 and TNF-α by
mononuclear phagocytes; and IFN-g and TNFα by NK cells [23,24]. It
has been reported that deficiency of IL-10 exacerbates myocardial
injury after ischemia-reperfusion injury and enhances the infiltration
of neutrophils into the myocardium [25].

Interleukin-6 (IL-6) is an inflammatory marker that has the ability
to mediate T-cell growth and differentiation, induce macrophage
maturation and stimulate acute phase proteins synthesis in the liver.
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This cytokine has both pro- and anti-inflammatory activities.
However, elevated TNFα and IL-6 levels appears to portend severity of
congestive heart failure and has been correlated with plaque instability,
predicting a more severe index of an acute coronary syndrome with
increased 6 and 12 month mortality, independent of cardiac
Troponins [26-32].

This introduction has provided evidence for the role of both pro-
and anti-inflammatory cytokines in the pathophysiology of cardiac
disease. It is not clear, however, if the pathologic changes seen in
congestive heart failure and coronary artery disease are caused by the
activated components of the immune system to the same level across a
population. In this study, we have determined the levels of IL-6, IL-10,
IL-1β, IL-2, and TNF-α in congestive heart failure patients and
compared those with the levels in coronary artery disease patients
without heart failure. The exact role of these immune system
components in the pathogenesis heart failure is needed before
deciding whether they should be used as targets for treatment,
prognostic factors or as follow-up markers to determine optimal
therapy.

Methods

Population
Our study population consisted of 45 patients, of which 19 had

presented with acute exacerbation of congestive heart failure, 18 with
coronary artery disease and 8 healthy subjects (individuals without
coronary artery disease or heart failure) who served as controls.
Patients in the heart failure group were enrolled during hospital
admission for decompensated heart failure and the blood samples
were drawn during their hospital stays at our institution.

Patients with coronary artery disease were admitted to the hospital
for elective cardiac catheterization. For these patients, blood samples
were drawn prior to cardiac catheterization. Demographics and
baseline characteristics were obtained by chart review. Immunoassay
for cytokines. Peripheral blood samples were drawn from congestive
heart failure patients (n=19), coronary artery disease patients (n=18)
and controls (n=8), after informed consent was obtained. Blood
samples were collected in non-heparinized red-top monojet tubes
(Sherwood Medical, St. Louis, MO) and were allowed to clot for 30
minutes at room temperature. Sera were obtained by spinning the
samples at 1000×g for 10 minutes and were aliquoted and stored at –
20°F. The serum levels of IL-10, TNF-α, and IL-1β assays were
measured using Biosource immunoassay commercial kit (Biosource
International Inc, Camarillo, CA). IL-6 was measured using an
immunoassay kit from Endogen (Endogen Inc, Woburn, MA) and
IL-2 was measured by using R&D system commercial kit (R&D
Systems, Minneapolis, MN). The sensitivities of the ELISA kits were as
follows. For TNF-α 1.7 pg/ml, for IL-10<5 pg/ml, for IL-1-β<1 pg/ml,
for IL-6<1 pg/ml, and for IL-2<7 pg/ml. Serum levels of all cytokines
were measured by employing solid phase sandwich ELISA methods
according to manufacturer’s instructions. Briefly, the commercial
plates are coated with a monoclonal antibody specific for the cytokine.
Samples (serum) and standards are pipetted into the wells and the

immobilized antibody binds any cytokine present. After washing away
any unbound proteins, an enzyme linked polyclonal antibody specific
for cytokine is added to the wells to sandwich the cytokine
immobilized during the first incubation. Following a wash to remove
any unbound antibody-enzyme reagent, a substrate solution is added
to the wells and a color reaction develops in proportion to the amount
of cytokine bound in the initial step. The color development is stopped
and the intensity of the color is measured. A curve is prepared,
plotting the optical density versus the concentration of cytokine in the
standard wells. By comparing the optical density of samples to this
standard curve, the concentrations of the cytokines in the samples
were measured, according to the manufacturer instructions.

Statistical analysis
Data in text and tables are expressed as mean ± standard deviation

(SD) for continuous variables or number (%) for categorical variables.
To compare the levels of the cytokines measured between the study
and control groups, Student t test was used whenever normal
distribution was present, otherwise the Mann Whitney test was used.

Results
There was no significant difference between the heart failure

patients and the coronary artery disease patients in regards to their
age, female ratio, serum creatinine, white blood cell count, beta-
blocker or statin use. More patients in the heart failure group were on
angiotensin converting enzyme inhibitors and digoxin (Table 1). The
heart failure patients were in NYHA classes II-IV with most of the
patients in class III. The etiologies for heart failure were mainly
ischemic heart disease and/or hypertensive heart disease. One patient
had heart failure secondary to severe mitral regurgitation. The results
of cytokine levels, including both pro-inflammatory and anti-
inflammatory cytokines were listed in Table 2.

Pro-inflammatory cytokines
The comparison of pro-inflammatory cytokine levels in congestive

heart failure and coronary artery disease group patients are shown in
Figure 1. IL-2: The levels of IL-2 were significantly higher in coronary
artery disease patients than in controls (p=0.001). There was no
significant elevation of IL-2 levels in congestive heart failure patients
than controls.

TNFα: The serum levels of TNFα were significantly higher in
patients with congestive heart failure than normal controls (<0.01).
The serum levels of TNFα were also significantly higher in coronary
artery disease patients compared to controls (p<0.01). There was no
difference in levels of TNFα between congestive heart failure and
coronary artery disease groups.

IL-1β: The serum levels of IL1-β were higher in patients with
congestive heart failure compared with controls (p<0.0001). The
serum levels of IL-1 β were significantly elevated in patients with
coronary artery disease compared to controls (p=0.0001). There were
no significant differences in the levels of IL-1 β in coronary artery
disease patients and congestive heart failure patients.

Variable CHF CAD

Age (mean ± SD) 70.9(±13.1) 69.3(±12.7)
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Female ratio 9/19(47%) 9/18(50%)

Serum creatinine (mean±SD) 1.2(±0.4) 1.2(±0.7)

WBC count (mean±SD) 9.6(±3.8) 9.3(±3.8)

Beta-blocker n (%) 18/19(95%) 16/18(88%)

ACE-inhibitor or ARB n (%) 19/19(100%) 8/18(44%)

Digoxin n (%) 9/19(47%) 0/18(0%)

Statin n (%) 7/19(37%) 6/18(33%)

Table 1: Data are expressed as mean ± standard deviation (SD) or n (%). ACEInhibitor=angiotensin-converting-enzyme inhibitor, ARB=
angiotensin receptor blocker, CAD=coronary artery disease, CHF=congestive heart failure.

Interleukin
CHF
(mean ±
sem)

CAD
(mean ±
sem)

Controls
(mean±sem)

p
value*

p
value
†

p
value
π

IL-6 18.9(±2.5
)

11.6(±2.3
) 3.7(±0.4) <0.000

1 <0.05 <0.005

IL-1β 3.70(±0.5
)

2.55(±0.3
) 0.74(±0.2) <0.000

1 0.12 0.0001

IL-10 9.7(±3.9) 6.12(±1.6
) 5.3(±1.2) 0.005φ <0.01

φ 0.69

IL-2 0.87(±0.1
)

1.52(±0.3
) 1.34(±0.2) 0.07 0.001

φ 0.6

TNFα 10.9(±2.4
)

12.9(±1.8
) 9.26(±0.8) <0.01φ 0.5 <0.01

φ

IL6/IL10 5.23(±1.2
)

1.95(±0.3
) 0.85(±0.1) <0.01 <0.05 <0.01

TNFα/IL10 1.75(±0.3
)

2.21(±0.4
) 2.38(±0.6) 0.3 0.4 0.8

Table 2: Data are expressed as mean ± standard deviation (SD),
*CHF>controls, †CHF>CAD, πCAD>controls, φdetermined using
Mann Whitney Test CAD>CHF, CHF=congestive heart failure,
CAD=coronary artery disease.

Anti-inflammatory cytokines
The following anti-inflammatory cytokine levels were compared

between congestive heart failure and coronary artery disease patients
in Figure 2.

IL-10: The serum levels of IL-10 were significantly elevated in
patients with congestive heart failure compared to controls (p=0.005).
There was no difference in IL-10 levels in coronary artery disease
patients and controls. The serum levels of IL-10 were significantly
higher in congestive heart failure patients than coronary artery disease
patients (p<0.01).

IL-6: The serum levels of IL-6 were significantly higher in patients
with congestive heart failure compared with controls (p<0.0001). The
serum levels of IL-6 were significantly higher in coronary artery
disease patients as compared to normal controls (p<0.005). Congestive
heart failure patients had significantly higher levels of IL-6 than
coronary artery disease patients (p<0.05).

Figure 1: Pro inflammatory cytokines in sera of patients with CHF,
CAD and controls. Values expressed in pikogram per milliliter (pg/
ml). The bar indicates mean value and line indicates standard error
of the mean. (a) IL-2 levels from sera of patients. IL-2 levels were
higher in CAD patients than normal controls (p=0.001). (b) TNF-
alpha levels from sera of patients. TNF-alpha levels were
significantly high in CHF (p<0.01) and CAD (p<0.01) patients
compared to normal controls. (c) IL-1β levels from sera of patients.
The IL-1β levels were higher in CHF (p=0.0001) and CAD
(p=0.0001) patients than controls. CHF=congestive heart failure,
CAD=coronary artery disease, IL=interleukin, TNF=tumor
necrosis factor.

IL6/IL10 ratio: The IL6/IL10 ratio was significantly higher in
patients with congestive heart failure (mean-5.23) as compared to
controls (mean-0.85) (p<0.01). The ratio was significantly elevated in
patients with coronary artery disease (mean-1.95) as compared to
normal controls (<0.01). The ratio was significantly higher in
congestive heart failure patients than in coronary artery disease
patients (<0.05).

TNF/IL10 ratio: The TNF/IL10 ratio was not significant in patients
with congestive heart failure (mean-1.75) as compared to controls
(mean-2.38). The ratio was not significant in patients with coronary
artery disease (mean-2.21) as compared to controls. The ratio is not
significant between patients with congestive heart failure and coronary
artery disease.
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Figure 2: IL-6 and IL-10 in sera of patients with CHF, CAD and
controls. Values expressed in pikogram per milliliter (pg/ml). The
bar indicates mean value and line indicates standard error of the
mean. (a) IL-6 levels were higher in CHF (p<0.0001) and CAD
(p<0.005) patients than normal controls. IL-6 levels were
significantly higher in CHF patients compared to CAD patients
(p<0.05). (b) IL-10 levels were higher in CHF patients than normal
controls (p=0.005). IL-10 levels were significantly higher in CHF
patients compared to CAD patients (p<0.01). CHF=congestive
heart failure, CAD=coronary artery disease, IL=interleukin.

Discussion
The results of this study show that the immune system is activated

in heart failure patients as well as patients with coronary artery disease
without heart failure. The serum levels of IL-6, IL-10 and IL-6/IL-10
ratio are significantly higher in congestive heart failure patients than in
coronary artery disease patients. This may indicate that IL-6 and IL-10
play a bigger role in the pathophysiology of congestive heart failure
compared to other forms of heart disease. There have been several
hypotheses with respect to the source of production of pro-
inflammatory cytokines in different forms of heart diseases. The first
hypothesis suggests that activation of the immune system in response
to some kind of tissue injury is responsible for cytokine production
[33-35]. The second hypothesis suggests that pro-inflammatory
cytokines are activated in stressed myocardial tissue and that the
elevated levels in the peripheral circulation represent a spillover from
the cytokines produced locally in the myocardium [36-38]. The third
hypothesis is that pro-inflammatory cytokines are produced by the
peripheral tissues as a result of under perfusion [39]. The etiology for
the increased levels of IL-6 in heart failure patients as compared to
patients with coronary disease is not known. In a study from MESA
(Multi-Ethnic Study of Atherosclerosis) a strong correlation between
increased IL-6 levels and regional left ventricular dysfunction by MRI
tagging in asymptomatic men and women was shown, suggesting an
underlying pathogenic link between inflammation and left ventricular
dysfunction [40]. It was reported that the trans-cardiac IL-6 gradient
was higher in patients with acute coronary syndromes but not in heart
failure patients compared to controls [41]. This suggests that the
underlying patho-physiology and mechanism of IL-6 activation is
different in both conditions. In our study, patients with coronary
artery disease diagnosed on elective coronary angiography did not
have significantly elevated IL-6 levels. However, in a study with ST
elevation myocardial infarction (STEMI) patients, Serum levels of
IL-6>20 pg/ml in the first 24 hours after a STEMI was significantly
associated with higher frequency of poor in-hospital outcomes such as
arrhythmias and death [42]. It has also been reported that individuals
with asymptomatic left ventricular dysfunction have elevated levels of
IL-6, and that IL-6 levels also increase with increasing NYHA class
[40-42]. These two findings may or may not represent a continuum.

IL-6 was originally identified as a B-cell differentiation factor that
stimulated terminal differentiation/maturation of B cells into antibody
producing plasma cells [15]. A a result there may be an excessive
production of antibodies against various cardiac muscle components,
e.g. cardiac myosin, which may play a role in the pathogenesis of this
syndrome. One study showed that therapy with intravenous
immunoglobulin (IVIG) decreased TNFα and IL-1β, increased IL-10,
IL-1α, soluble tumor necrosis factor receptor (sTNFR) levels and left
ventricular ejection fraction after 26 weeks of treatment [43]. It was
demonstrated that the use of immunoglobulin adsorption in patients
with idiopathic dilated cardiomyopathy resulted in a significant
increase in left ventricular ejection fraction after 1 year of follow-up
[44]. Therefore the mechanism by which the immune system is
involved in heart failure could involve both the humoral immunity as
well as the cellular immunity.

Although IL-6 and IL-10 are elevated in heart failure patients, the
IL-6/IL-10 ratio is significantly higher in this group. These ratios
represent a pro-inflammatory to anti-inflammatory ratio. This
suggests that the degree of elevation of IL-10 is smaller relative to
degree of IL-6 elevation. The mechanism for the elevation of IL-10
serum levels is unclear. It may be a response to the overall immune
system activation. The TNF/IL-10 ratio was not significantly higher in
congestive heart failure patients. This points to the fact that the various
cytokines, except for IL-6, are activated to a similar degree. In a recent
study it was reported that the addition of IL-10 profoundly inhibits
lipid polysaccharide (LPS) stimulated TNF release from peripheral
blood mononuclear cells isolated from patients with chronic heart
failure [45]. It is unclear however whether IL-10 has the same effect on
the production of IL-6. Against its conventional value of being anti-
inflammatory in one study elevated IL-10 levels failed to show
protective effects in patients with heart failure and in association with
increased TNFα, it actually suggested significantly higher mortality
[46]. IL-10 may also indirectly enhance antibody production due to
inhibition of IL-2 and INF-g by Th1 cells thereby favoring Th2
response. This also supports the hypothesis that antibody production
may play a big role in heart failure.

The levels of IL-1β and TNFα were significantly elevated in both
groups of patients, compared to normal controls. There was no
significant difference between heart failure patients and patients with
coronary artery disease. Unlike these cytokines, the levels of IL-6 were
significantly higher in congestive heart failure than in coronary artery
disease, which indicates a special role of IL-6 in pathogenesis of
congestive heart failure.

Interestingly, IL-2 was higher in coronary artery disease patients
compared to congestive heart failure patients. Its elevation in coronary
artery disease patients indicates a more vigorous inflammatory
mechanism in this subset. There was no significant IL-2 elevation in
heart failure patients compared to normal controls. Increased levels of
IL-2 was demonstrated in patients with coronary artery disease and
those with coronary artery calcification suggesting its intricate role in
promoting atherosclerosis in coronary system [47]. IL-2 is a pro-
inflammatory cytokine with the ability to activate all types of acquired
immune response. Paradoxically, IL-2 and IL-2 receptor β appears to
play an important role in limiting such responses and eliminating
auto-reactive T cells through promoting apoptosis. Furthermore
mutations that inactivate IL-2 and IL-2 receptor β lead to excessive T-
cell proliferation and autoimmunity [48-49]. Independent of T cell
receptor activation, IL-2 can directly activate human invariant natural
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killer (iNK) T cells, which are thought to be important regulators of
autoimmunity [50].

The exact role cytokines play in the pathogenesis of heart failure
remains unclear. Some therapies known to decrease the mortality in
heart failure patients such as carvedilol and candesartan were shown to
decrease IL-6 levels in heart failure patients [51-52]. Therapy with
infliximab, a monoclonal antibody against TNFα, did not improve the
clinical status of patients with moderate to severe heart failure [53-55].
However, recent experimental data suggest that ablation of the gene
for TNF receptor 1 blunts heart failure, whereas ablation of the gene
for TNF receptor 2 exacerbates heart failure. This could explain the
failure of anti-TNF therapy and suggests that the benefit in anti-
cytokine therapy lies in the balance between receptor activities rather
than the antagonistic effect on one specific receptor [56]. Therapy
directed against autoantibodies has shown some promising outcomes.
Two studies using intravenous immunoglobulin and immunoglobulin
adsorption produced significant increases in left ventricular ejection
fraction at 6 months and 12 months, respectively [44-45].

Our study shows that more of Th2 types of cytokines were elevated
in heart failure patients compared to coronary artery disease patents
pointing towards different pathophysiologic mechanisms of immune
activation in these conditions. Specific roles of these immunologic
inflammatory pathways in coronary artery disease and heart failure
need to be better elucidated which in turn will help targeting them for
treatment of these conditions more efficiently in the future. The main
limitation to our study is the small number of patients. Further studies
are needed to confirm our findings.
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