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Interleukin-6 and Cardiovascular Diseases
Tsugiyasu KANDA,1 MD and Takashi TAKAHASHI,1 MD

SUMMARY

Inflammatory cytokines are important for both cardiovascular scientists and practicing
clinicians. Interleukin-6 (IL-6) has been emphasized by reports of elevated circulating as
well as intracardiac IL-6 levels in patients with congestive heart failure (CHF). IL-6 may
contribute to the progression of myocardial damage and dysfunction in chronic heart fail-
ure syndrome resulting from different causes. As the cause of CHF in cardiomyopathy,
myocarditis, allograft rejection, and left ventricular assist device (LVADs) conditions, cir-
culating IL-6 levels are associated with the severity of left ventricular dysfunction, and are
also strong predictors of subsequent clinical outcomes. Continuous and excessive produc-
tion of IL-6 promotes myocardial injury by breaking down both cytokine networks and
viral clearance under viral myocarditis. Although IL-6 is likely important in the process
of viral antigen presentation, early activation of immune responses and attenuation of viral
replication also appear to be significant in an animal model of viral myocarditis. IL-6 can
cause cardiac hypertrophy through the IL-6 signal transducing receptor component, gly-
coprotein 130. There are several interesting cases of cardiac myxoma complicated with
mediastinal lymphadenopathy or left ventricular hypertrophy. Increased expression of IL-
6 is observed in the myocardium of all donor hearts showing marked dysfunction. Myo-
cardial IL-6 concentrations are also significantly higher in LVAD candidates compared
with advanced heart failure patients. Although the IL-6 family plays a central role in the
pathophysiology of cardiovascular diseases, it remains to be determined whether the IL-
6 family is beneficial or detrimental. Future study will be needed to resolve this question.  
(Jpn Heart J 2004; 45: 183-193)
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INFLAMMATORY cytokines have recently become important for both cardio-
vascular scientists and practicing clinicians. Locally acting cytokines play a role
not only in the pathogenesis of atherosclerosis, but also in the cardiac dysfunction
that accompanies systemic sepsis, viral myocarditis, and cardiac allograft rejec-
tion.1,2) During the past decade, Parrillo and colleagues3,4) have used intact ani-
mals and in vitro isolated heart cell preparations to systematically investigate the
factors that contribute to myocardial depression in the systemic inflammatory
response syndrome. Interest in the soluble inflammatory mediator, interleukin-6
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(IL-6), has been amplified by reports of elevated circulating as well as intracar-
diac IL-6 levels in patients with congestive heart failure (CHF).5-7) Elevated levels
of circulating IL-6 were reported even in CHF patients with normal levels of
other cytokines, such as tumor necrosis factor-alpha (TNF-α). It is now signifi-
cant attention to discuss the IL-6 levels in patients with CHF.
Structure and function of interleukin-6: IL-6, a 185 amino acid polypeptide, is
refolded. One hundred and seven out of 185 amino acid residues are well defined
in the final structure, with 18 N-terminal and 8 A-B loop amino acids displaying
no interpretable electron density. The three-dimensional structure has been used
to construct a model of IL-6 interacting with the IL-6 receptor (IL-6R) (-chain)
and glycoprotein 130 (gp130) (-chain) that gives new insight into the process of
molecular recognition and signaling with a functional hexameric IL-6 receptor
complex.8) 

IL-6 is a pleiotropic cytokine with a variety of biological activities, includ-
ing the ability to stimulate B-cell differentiation,9) activate thymocytes and T-cells
for differentiation,10) activate macrophages,11) stimulate hepatocytes to produce
acute-phase proteins,12) and activate natural killer (NK) cells.13) IL-6 also pos-
sesses anti-inflammatory properties.14) IL-6 would be expected to produce a
restorative effect by inducing the activity of immunoregulatory cells in the repli-
cation setting. 
Interleukin-6 in cardiovascular diseases: IL-6 has both pro-inflammatory and
anti-inflammatory properties. It is produced not only by immune cells and
immune accessory cells including monocytes and macrophages, but also by car-
diovascular components, such as endothelial cells, vascular smooth-muscle cells,
and ischemic myocytes.15-18) What makes IL-6 particularly interesting to physi-
cians is its involvement not only with inflammation but also with the regulation
of cardiac metabolism (Figure 1). 
Interleukin-6 and C-reactive protein: C-reactive protein (CRP) evokes the pro-
duction of IL-6. Additional evidence to support a role for IL-6 as a mediator of
the actions of CRP is provided by experiments examining the effects of IL-6 inhi-
bition. Anti-IL-6 antibodies attenuated CRP-mediated expression of adhesion
molecules, monocyte chemoattractant protein-1 secretion, and macrophage
uptake for low-density lipoprotein.19)

CRP stimulates the production of IL-6 concurrently in a parallel fashion.
Alternatively, it is possible that CRP quenches an unidentified inhibitory factor,
such as nitric oxide, which is known to decrease IL-6 expression. It is also plau-
sible that CRP serves to activate nuclear factor-B (NF-B), with the resultant
increase in expression of IL-6 and other NF-B-regulated systems. However, this
remains to be determined. 
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IL-6 is a key inflammatory factor that has been implicated in the pathogen-
esis and clinical course of atherosclerotic vascular disease.20) IL-6 is known to be
secreted from several cell types, including endothelial cells, macrophages, lym-
phocytes, and adipocytes, and exerts its biological actions through a complex yet
well-defined fashion. The IL-6 receptor complex consists of two membrane-
bound glycoproteins, an 80 kD ligand-binding component (termed IL-6R) and a
130 kD signal-transducing component (termed gp130).20) Although IL-6 may
bind the IL-6R and elicit a biological response, it also activates a soluble IL-6R
(sIL-6R). The activated IL-6/sIL-6R complex serves as a potent agonist that
binds the signal-transducing component of the membrane-bound receptor, gp130,
with high affinity. Through this mechanism, IL-6 is believed to potentiate its own
biological activity and exert effects in cells that lack the IL-6R per se. Indeed, the

Figure 1. Relationships between interleukin-6 (IL-6), C-reactive protein (CRP), and
cardiovascular diseases.
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IL-6/sIL-6R complex has been demonstrated to stimulate leukocyte recruitment
and to promote inflammatory responses by endothelial cells.21,22)

The aforementioned description assumes importance because a recent study
has demonstrated that CRP is a physiological regulator of sIL-6R shedding in
human neutrophils and markedly increases formation of the sIL-6R/IL-6 com-
plex.21) Data from this study suggest that CRP may also function to increase IL-6
secretion from endothelial cells. By stimulating endothelial production of IL-6
and neutrophil sIL-6R shedding, CRP may serve to markedly exaggerate the
actions of IL-6 at the site of the endothelium. Since IL-6 is a potent stimulus for
CRP expression in liver, the increased vascular production of IL-6 may represent
a positive feedback mechanism for the continued production of CRP from the
liver. 
Interleukin-6 and coronary heart disease: Recently, increased levels of circulat-
ing IL-6 and CRP have been also associated with high risk of all-cause mortality
in older people.7,23) Serum levels of IL-6, along with other cytokines, have also
been associated with unfavorable clinical outcomes in patients hospitalized for
unstable angina.24) IL-6 concentrations are associated not only with the severity of
the conditions, but are also very strong predictors of subsequent outcomes. For
example, Biasucci, et al24) demonstrated that the patients with unstable angina
and a complicated in-hospital course have higher IL-6 levels than subjects with-
out complications. Pro-inflammatory cytokines may be involved in destabilizing
and disrupting atherosclerotic plaque in coronary arteries. The presence of an
inflammatory process characterizes the site of plaque rupture or erosion,25) and
the pro-inflammatory cytokines up-regulate the expression of matrix metallopro-
teinases, which are known to be involved in the vascular remodeling and plaque
disruption.26)

Interleukin-6 and congestive heart failure: Elevated levels of circulating cyto-
kines have been demonstrated in patients with heart failure. In particular, IL-6
concentrations were related to the severity of left ventricular dysfunction and to
the degrees of activation of the sympathetic and renin-angiotensin systems.27) The
raised levels of IL-6 correlate with decreased cardiac functional class, lowered
ejection fraction, and poor prognosis.7,28-30) A recent study has shown increased
myocardial IL-6 expression is associated with the progression of heart failure.31)

IL-6 may be a good indicator of the deterioration. 
Although previous studies have examined the effects of acute hemodynamic

pressure overloading on pro-inflammatory cytokine gene expression, the influ-
ence of sustained hemodynamic overloading has not been examined. Continuous
hemodynamic overloading provokes a transient increase in both pro-inflamma-
tory cytokine and cytokine receptor gene expression. However, the decrease in
pro-inflammatory cytokine gene expression occurred under the absence of
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changes in the loading conditions, suggesting that the expression of pro-inflam-
matory cytokines in the heart is regulated, at least in part, by both load-dependent
and load-independent mechanisms.32) It is not clear whether this increase of cir-
culating cytokines is mainly an epiphenomenon of the severity of the underlying
cardiac impairment,33) but in vitro and in vivo investigations suggest that the pro-
inflammatory cytokines might depress myocardial contractility.34)

In a previous report we showed that the expression of IL-6 and the co-
expressed ANP in IL-6-positive myocardium were observed in heart from
autopsy cases of acute myocardial infarction.18) Interestingly, the elevation of
ANP and BNP mRNA expression in heart from IL-6 transgenic mice did not
occur regardless of myocardial impairment (Figure 2). We believe that the mis-
match of natriuretic peptide expression may be induction failure caused by IL-6
overexpression. These results suggest that the continuous expression of IL-6 elic-
its undisclosed overloading and induces the transcription of natriuretic peptides
in heart, and that the induction failure of natriuretic peptides during the CHF
shows impaired adaptation to myocardial injury. 

Figure 2. Variations of atrial natriuretic peptide (ANP) and B-type natriuretic
peptide (BNP) mRNA expression in hearts from interleukin-6 (IL-6) transgenic
mice or wild type mice after inoculation of encephalomyocarditis virus. The com-
parative gene expression levels of ANP (left) and BNP (right) relative to glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) are shown. 
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Interleukin-6 in myocarditis: IL-6 reduces myocardial damage in mice with viral
myocarditis. In addition, it stimulates differentiation of B cells, macrophages, and
NK cells in vivo.15,35-37) IL-6 under encephalomyocarditis virus-induced myo-
carditis in mice modulated early immune responses responsible for B cells, mac-
rophages, and NK cells. Modification of the immune responses together with a
reduction in viral replication seems to contribute to the mechanism of the IL-6
effect. Although IL-6 is likely important in the process of viral antigen presenta-
tion, early activation of immune responses and attenuation of viral replication
also appear to be significant. The direct approaches to elucidate the role of IL-6
in inflammatory and immunity are to use genetically engineered transgenic mice.
Overexpression of IL-6 in transgenic mice results in massive plasmacytosis and
hypergammaglobulinemia.38) Our results showed that the continuous and exces-
sive production of IL-6 promotes myocardial injury through a breaking down of
both cytokine networks and viral clearance.39) These experiments indicate that IL-
6 has a beneficial effect in early inflammatory stages, but the constitutive activa-
tion of IL-6 accelerates myocardial damage in the process of viral infection. 
Interleukin-6 in infective endocarditis: It was hypothesized that assessment of
circulating IL-6 and interleukin-2 receptor (IL-2R) levels may provide new diag-
nostic criteria for inflammation in infective endocarditis (IE). Serum concentra-
tions of IL-6 and IL-2R were decreased continuously during antibiotic treatment.
Thus, these cytokines can be suitable for monitoring the course of inflammation
during treatment for IE.40)

On the other hand, serum IL-1α and TNF-α levels were not affected in the
process of IE. A further understanding of the role of serum cytokine concentra-
tions in the diagnosis, treatment, monitoring, and prognosis for IE may be valu-
able under the status of suspected diagnosis, especially when the pathogens
cannot be detected in blood cultures.41)

Interleukin-6 in sepsis: IL-6 is known to be an important pro- and anti-inflamma-
tory cytokine, which is up-regulated under the condition of sepsis. In the early
phases of sepsis, the activated complement product, C5a, plays a harmful role in
rodents undergoing cecal ligation puncture (CLP) or infusion of lipopolysaccha-
ride. IL-6 strongly promotes expression of C5a receptors in rat lung epithelial
cells, thymocytes, and endothelial cells.42,43) Blockade of IL-6 expression during
CLP-induced sepsis in mice causes a significantly decreased induction of C5a
receptors in several organs including lung, liver, kidney, and heart, leading to
improved survival.44)

Interleukin-6 and cardiac hypertrophy: Transgenic mice overexpressing either
IL-6 or IL-6R alone did not show detectable myocardial abnormalities. Neonatal
cardiac muscle cells from normal mice, when cultured in vitro, were enlarged in
response to a combination of IL-6 and a soluble form of IL-6R. The results sug-



INTERLEUKIN-6 AND CARDIOVASCULAR DISEASES 189
Vol 45
No 2

gest that activation of the gp130 signaling pathways leads to cardiac hypertrophy,
and that this signaling may be involved in physiological regulation of the myocar-
dium.45)

Clinical recognition of the extent of ventricular hypertrophy is a strong pre-
dictor of adverse events. Accordingly, identification of the signals that mediate
the pathways from mechanical stress to downstream cellular events has been a
major area of interest. Both cardiac myocytes and nonmyocytes are direct biome-
chanical sensors of hemodynamic pressure loading. Growth signals are generated
by the release of growth factors and cytokines, which lead to a localized response.
The factors that have been implicated in this response include IL-6-related cyto-
kines (cardiotrophin 1).46,47) We previously described that overexpression of IL-6
was confirmed in the injured myocardium with hypertrophy in patients who died
of acute myocardial infarction (AMI) within seven days after onset. The expres-
sion of IL-6 in the myocardium under AMI appears to be associated with the
pathogenesis of cardiac hypertrophy.18)

Interleukin-6 and cardiac myxoma: Cardiac myxoma originally produces IL-
6.48,49) We experienced a patient presenting with disappearance of mediastinal
lymphadenopathy after resection of a massive cardiac myxoma, which by itself
secreted IL-6. The pathogenesis of cardiac myxoma-associated lymphadenopa-
thy can be explained by IL-6 production in the cardiac myxoma. 

Cardiac myxoma often causes embolization into the systemic circulation,
and fragments coming out of this tumor sometimes continue to grow at many
embolized sites.50) IL-6 is also known to be one of the angiogenic factors when
the development of tumor local growth and distant metastasis.50) Overproduction
of these angiogenic inducers may account for the clinical features of cardiac myx-
omas, such as frequent recurrence and distant metastasis.49,50) These materials can
act as autocrine growth factors of myxoma cells, as shown in other kinds of
human tumor cell lines. Therefore, IL-6 production by an atrial myxoma is an
important factor leading to intravascular metastasis or embolization. In addition,
IL-6 secreted from a myxoma may contribute to the pathogenesis of ventricular
hypertrophy in the patient. There are several interesting cases of cardiac myxoma
complicated by either mediastinal lymphadenopathy or left ventricular hypertro-
phy.51,52) These cases may suggest a clinical role for IL-6 in the heart.
Interleukin-6 in heart transplantation: Myocardial dysfunction in the donor
heart is a common problem and is so severe as to preclude its use for transplanta-
tion in 20% of cases. Brain death has been shown to result in various degrees of
myocardial dysfunction. To assess the potential of the donor heart to respond to
IL6, some studies have investigated the expression of IL-6R components in the
myocardium of donor hearts before transplantation. Donor heart dysfunction
early after transplantation has been associated with the cytokine storm after donor



190
Jpn Heart J

March 2004KANDA AND TAKAHASHI

brain death. Pro-inflammatory cytokines are thought to play a critical role in this
process. IL-6 is especially interesting since it has contributed to cardiac allograft
dysfunction and is related to an impaired prognosis. Its action requires co-expres-
sion of specific IL6R and the common signal transducer of the IL6 family gp130
in the donor hearts. Messenger RNA of IL6, IL6R, and gp130 was strongly
expressed in all chambers of the donor hearts, whereas the right ventricles of con-
trol patients showed no expression. Right ventricles of failing hearts showed lev-
els of IL6, IL6R, and gp130 mRNA that were comparable with those found in the
donor hearts. While IL6 was mainly expressed in the myocytes, both receptor
components were preferentially observed mainly in the interstitial cells. The
expression of IL6 receptor components in the donor heart before transplantation
establishes the condition sine qua non for the response of the donor heart to cir-
culating IL6. This understanding can lead to the explanation of association
between elevated serum IL6 concentrations and acute cardiac allograft dysfunc-
tion in the early postoperative period.53) Myocardial and serum IL-6 levels from
donors with myocardial dysfunction (unused donors), from donors with good
ventricular function (used donors), and from patients with advanced heart failure
were examined. Increased expression of IL-6 in the myocardium of all donor
hearts showing marked dysfunction was found. IL-6 mRNA expression was
higher in the unused donor hearts than in the donor hearts used for transplanta-
tion. Elevated levels of IL-6 mRNA in the unused donor hearts compared with the
hearts of patients with advanced failure were observed. IL-6 mRNA levels in the
used donor hearts were higher than in the hearts of advanced failure. Similar find-
ings in the serum were confirmed. These events may have important therapeutic
implications.54) Inhibition of IL-6 secretion in cardiac transplant recipients is an
important factor to protect against the development of cardiac allograft vasculop-
athy. HMG-COA reductase is reported to inhibit IL-6 secretion.55)

Interleukin-6 and left ventricular assist devices: Left ventricular assist devices
(LVADs) have become an established treatment for patients with severe heart fail-
ure. The molecular mechanisms underlying the decompensation of heart failure
remain poorly understood. Expression levels of IL-6 mRNA in myocardium at
the time of LVAD implantation were higher than under the stable condition of
advanced heart failure. Understanding the mechanisms involved may be useful to
decide the timing of LVAD implantation and to identify new therapeutic targets
for advanced heart failure.56) Myocardial IL-6 concentrations in LVAD candidates
were significantly higher than in patients with advanced heart failure. Signifi-
cantly elevated levels of myocardial IL-6 were observed for cases who died after
LVAD implantation compared with for those who survived over 1 year after
implantation. Thus, IL-6 may be a beneficial indicator of the prognosis in the
LVAD candidates, and may be involved in the pathologically deteriorated status,
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although the elevation of IL-6 levels in dead patients could imply an irreversible
condition. 
Future directions of interleukin-6 for cardiovascular diseases: Cytokines includ-
ing IL-6, TNF-α, and IL-1 are responsible for the development and progression
of cardiovascular diseases. Some clinical trials have been conducted in patients
with cardiovascular diseases.57) Although the IL-6 family plays a key role in the
pathophysiology of cardiovascular diseases, it remains to be determined whether
the IL-6 family is beneficial or detrimental. Future studies will be needed to
resolve this question. 
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