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INTRODUCTION
Proinflammatory cytokines are potent

modulators of cardiovascular diseases
such as acute myocardial infarction, ath-
erosclerosis, and chronic heart failure
(1-6). Accordingly, altered levels of cy-
tokines have been observed in the
plasma of patients with various heart
diseases (7-10). The role of plasma cy-
tokines in the pathogenesis of heart dis-
eases still remains to be elucidated in
more detail. In addition to plasma cy-
tokine measurements, detection of cy-
tokine mRNA in heart tissues may also
add information regarding the signifi-

cance of these mediators in various heart
diseases. It has been reported that, be-
sides many other cytokines, tumor necro-
sis factor-α (TNF-α) (11,12) and inter-
leukin-1 (IL-1) (13,14) are expressed in
the heart. Both mediators are potently in-
volved in innate immune responses and
may contribute to regulation of cardio-
vascular diseases. IL-1β mRNA and pro-
tein expression has been shown in my-
ocardium of patients with dilated
cardiomyopathy (DCM) (14,15), viral
myocarditis (16,17) and in coronary ar-
teries or within the myocardium of pa-
tients with ischemic heart disease (14,18).

Furthermore, in animal models, IL-1β
was detected in hearts of mice with my-
ocarditis following inoculation with cox-
sackie B3 virus (19) and in rat hearts fol-
lowing myocardial infarction (20).

IL-1 is thought to contribute to regula-
tion of proliferation, inflammation, and
contractility of cardiovascular cells
(21,22). It has been shown that IL-1 stim-
ulates proliferation of vascular smooth
muscle cells (23). It potently induces cy-
tokine production of vessel wall or heart
cells (24-26), as well as expression of
chemokines and adhesion molecules (27).
Furthermore, IL-1 also exerts negative in-
otropic effects on whole hearts (28), iso-
lated muscle preparations (29,30), and
cultured cardiac myocytes (31,32). Be-
sides the above functions, IL-1 can also
regulate levels of intracellular Ca2+ of
myocytic cells (33) and induce apoptosis
in cardiac myocytes (34,35).
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Interleukin-1 (IL-1) is a potent regulator of cell proliferation, inflammation, and contraction of cardiovascular cells. It has been
proposed that the IL-1/IL-1ra (IL-1 receptor antagonist) ratio influences these functions. Other members of the IL-1 family and the
related caspase-1 also contribute to regulation of IL-1–mediated functions. We determined the mRNA expression of caspase-1,
caspase-3, IL-1α, IL-1β, IL-18, IL-1 receptor type I (IL-1-RI), and IL-1ra in left ventricle tissue of hearts from patients with ischemic or
dilated cardiomyopathy (ICM or DCM) and in control tissues from unused donor transplant hearts in RT-PCR experiments. We
show that the expression of caspase-1, caspase-3, IL-1β, and IL-1-RI mRNA was not different between patients and control tis-
sues. Furthermore, we did not find detectable amounts of IL-1α mRNA in any of these adult myocardial tissues. On the other
hand, expression of IL-18 RNA was lower in myocardium of both patient groups compared with control hearts. Furthermore,
IL-1ra mRNA expression was significantly lower in tissues of DCM patients compared with ICM patients and controls. This was in
line with a trend towards lower IL-1ra protein levels in myocardial tissues of DCM patients. In contrast with the adult tissues dis-
cussed above, which did not express IL-1α mRNA, commercially available human fetal tissue expressed IL-1α mRNA. On the
other hand IL-1β mRNA was present in fetal and in adult human heart tissue. Our data provide evidence for an altered ratio of
IL-1/IL-1ra in DCM patients. This dysregulation may contribute to pathogenesis and/or progression of heart disease by modulat-
ing the otherwise balanced IL-1–mediated functions in cardiovascular cells.
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A variety of proteins belong to the IL-1
family, such as IL-1α and IL-1β, IL-18, IL-
33, IL-1 receptors and related proteins,
IL-1 receptor antagonist (IL-1ra), as well
as caspase-1. IL-1 is a central mediator in
the cytokine network (36), important for
the regulation of innate and/or inflam-
matory processes. These processes con-
tribute to cardiovascular diseases includ-
ing atherosclerosis (37-39). Both IL-1
isoforms (IL-1α and IL-1β) are produced
as precursor proteins. IL-1α is active in
the precursor and the mature form,
whereas IL-1β is only active in the ma-
ture, caspase-1–cleaved form. IL-1α pref-
erentially remains cell or cell-surface-
associated, whereas mature IL-1β is
released. Another agonist of the IL-1
family is IL-18, a protein related to IL-1
in terms of its structure, receptor class,
and the fact that it is also activated by
the same enzyme as IL-1β, the caspase-1
[IL-1β–converting enzyme (ICE)]. An-
other recently described caspase-1 sub-
strate belonging to the IL-1 family is IL-
33, which binds to the IL-1 family
receptor ST2 (40). Caspase-1, the enzyme
cleaving IL-1β, IL-18, and IL-33, was the
1st caspase reported, and a number of
other caspases have been described sub-
sequently. Some of them are preferen-
tially involved in inflammatory processes
(caspases 1, 4, and 5); some, such as
caspase-3, are preferentially involved in
regulation of apoptosis. These enzymes
are activated by enzymatic processes in
multiprotein complexes, the “inflamma-
somes” or “apoptosomes.” Like its sub-
strates IL-1β, IL-18, and IL-33, caspase-1
is cleaved after aspartate.

Besides the agonists mentioned above,
a unique antagonist, the IL-1 receptor
antagonist (IL-1ra), belongs to the IL-1
family. This antagonist exists in a re-
leased form and in additional intracellu-
lar forms resulting from differential
splicing. IL-1ra binds to the same recep-
tor as the agonists IL-1α and IL-1β,
thereby blocking the binding of both
IL-1 isoforms. Binding of IL-1ra to the
receptor does not result in activation of
signal transduction. Thus, the IL-1 re-
ceptor antagonist is an important regula-

tor of IL-1–induced functions. The im-
portant role of this cytokine in the main-
tenance of normal cellular functions was
emphasized in experiments with IL-1ra
knockout animals. Both, complete re-
moval of IL-1ra in IL-1ra–/– mice, as well
as the diminished IL-1ra content in IL-
1ra+/– heterozygotes resulted in the
onset of spontaneous inflammatory and
autoimmune processes in the animals
(41,42). A variety of diseases have been
associated with an IL-1/IL-1ra imbal-
ance. Thus, the decreased mucosal ratio
of IL-1ra to IL-1 in patients with inflam-
matory bowel disease, resulting from en-
hanced IL-1β expression, correlated with
the severity of the disease (43). A role of
the IL-1/IL-1ra ratio in myocarditis was
derived from transfection experiments
with infected rats, where transfection
with an IL-1ra–Ig chimera resulted in re-
duced myocarditis area, reduced ANP
expression, and improved cardiac func-
tion (44). In leukocytes of patients with
chronic myelogenous leukemia, IL-1β
production in monocytes of patients was
enhanced, compared with healthy con-
trols, and was associated with disease
progression. The IL-1ra levels were not
altered in these patients, whereas in the
accelerated phase of the disease IL-1ra
was lower, thereby contributing to the
advancement of the disease (45). Fur-
thermore, an altered IL-1/IL-1ra ratio
was present in supernatants of pieces of
cultured synovium derived from pa-
tients with rheumatoid arthritis (46). The
imbalance resulted from enhanced IL-
1ra and reduced IL-1β release in re-
sponse to IL-4 and IL-10, the latter re-
ducing IL-1β but not IL-1ra production.

It is obvious that the IL-1 function is
regulated at various levels. Its function
in tissues is modulated not only by its
own concentration or by synergism with
other cytokines, but also by 1) the activa-
tion of IL-1β through caspase-1, 2) the
presence of functional receptors, and 3)
the expression of its inhibitor, IL-1ra.
Thus, a synergistic action of IL-1 and
IL-18 on myocardial function has been
proposed recently (47), and a role of IL-
1ra in the maintenance of normal cardiac

function has been suggested (48). Al-
though some researchers have investi-
gated the expression of single members
of the IL-1 and caspase families, their ex-
pression has not been compared in pa-
tients suffering from ischemic or dilated
cardiomyopathy (ICM or DCM).

In the present study we analyze the
mRNA expression of the IL-1 family mem-
bers IL-1α, IL-1β, IL-1ra, IL-1-R1, and IL-18,
as well as caspase-1 and caspase-3 in non-
failing human donor heart tissue and in my-
ocardium of patients with ischemic or di-
lated cardiomyopathy. We demonstrate
reduced IL-1ra mRNA expression in left
ventricular tissue of patients with dilated
cardiomyopathy, as compared to tissues of
patients with ischemic cardiomyopathy and
tissues of donor hearts. IL-18 mRNA expres-
sion was lower in both patient groups. Ex-
pression of IL-1β, IL-1-RI, caspase-1 and cas-
pase-3 was not significantly different in the
groups studied. IL-1α mRNA was detectable
only in human fetal myocardium, but not in
the adult tissues. The results indicate that in
patients suffering from DCM the IL-1/IL-1ra
ratio may be altered by the reduced expres-
sion of IL-1ra. The lower IL-1ra expression,
accompanied by the unaltered IL-1β expres-
sion, may result in enhanced inflammation,
apoptosis and disturbance of contractility in
the diseased heart.

MATERIALS AND METHODS

Patients and Myocardial Tissue
Samples

For the present investigations, we used
biopsies of left ventricular tissues from
explanted hearts of patients with termi-
nal stages of ICM or DCM. They were
compared with tissues of control hearts
of organ donors scheduled for transplan-
tation, which were not used for technical
reasons. The use of these tissues was ap-
proved by the local ethics committee. Six
male patients and 2 female patients (53.9
± 6.6 years) had ICM (Table 1), 9 male
patients and 1 female patient (50.1 ± 9.2
years) suffered from DCM, and 9 organ
donors (6 male, 3 female; 42.6 ± 14.5
years) served as nonfailing controls. The
“Human Cardiovascular Multiple Tissue



R E S E A R C H  A R T I C L E

M O L  M E D  1 4 ( 1 - 2 ) 5 5 - 6 3 ,  J A N U A R Y - F E B R U A R Y  2 0 0 8  |  W E S T P H A L  E T  A L .  |  5 7

cDNA (MTCTM) Panel,” obtained from
Clontech (cat. no. K1427-1; Clontech Lab-
oratories Inc; Palo Alto, CA, USA),
served as a source of fetal human tissue.

Reverse-Transcription Polymerase
Chain Reaction

Total RNA was isolated from the speci-
men by mechanical pulverization after
storage in liquid nitrogen, following the
protocol of Chirgwin et al. (49). RNA
yield and purity were determined by
UV-spectrophotometry, and total RNA
(1 μg) was reverse-transcribed in a 20-μL
reaction using SuperScript Plus reverse
transcriptase (Gibco BRL). The complete
RT-sample was diluted 1:5 with water,
and 5 μL of this sample was used as tem-
plate for PCR, using Taq DNA Poly-
merase (Gibco BRL) in a volume of
50 μL. RT and PCR reactions were per-
formed according to the manufacturer’s
recommendations. Primer sequences, ex-
pected sizes of PCR products, type of

PCR protocols used, annealing tempera-
tures, and number of the respective cy-
cles are given in Table 2. RNA that had
not been reverse-transcribed was used as
a control. It did not yield PCR products
using 18S rRNA primers, indicating that
the samples did not contain contaminat-
ing genomic DNA. Each experiment also
included a negative control (buffer
alone), which was always negative and a
positive control consisting of cDNA de-
rived from SMC mRNA. The PCR condi-
tions were not within the plateau phase
of amplification, as determined in pre-
liminary experiments (data not shown).
The PCR products were separated in
1.6% agarose gels containing ethidium
bromide and visualized by UV-transillu-
mination.

Normalization and Quantification of
the PCR Results

Equal aliquots of the positive control
(mRNA of unstimulated vascular smooth

muscle cells), applied to each gel, served
as an internal standard. After measuring
the optical density of the PCR products
with the imaging system (AIDA 1D Den-
sitometry; Raytest Isotopenmessgeräte
GmbH, Berlin, Germany), the mean of
two independent PCR reactions of each
sample with the same pair of primers
was calculated. Subsequently, the ratio of
the density of the analyzed PCR-product
versus the PCR-product of the 18S rRNA
was determined for each sample (nor-
malization procedure). Finally, mean and
SEM of all normalized values were calcu-
lated for each group (ICM, DCM, or con-
trol). The data were analyzed with the
independent t-test using Microsoft Office
Excel 2003. A value of P < 0.05 was con-
sidered to be statistically significant.

Determination of IL-1ra Protein
Frozen tissues of independent samples

were rapidly homogenized in a homoge-
nization buffer containing 50 mM Tris-
HCl (pH 7.4), 150 mM NaCl, 1% NP-40,
and protease inhibitors (protease in-
hibitor cocktail; Sigma, Taufkirchen,
Germany). The samples were sonicated,
incubated on ice for 15 min, and cen-
trifuged (15 min; 16,000 x g). The super-
natants were collected and the protein
concentration was quantified using the
BCA Protein Assay (Pierce, Bonn, Ger-
many). Samples containing 100 µg pro-
tein were prepared in dilution buffer,
and the IL-1ra was measured in IL-1ra
ELISA (R&D Systems, Wiesbaden, Ger-
many). Mean and SEM of the samples
were calculated and data expressed as pg
IL-1ra per 100 µg tissue. Statistical analy-
sis was performed using 1-way ANOVA.

RESULTS

Analysis of Caspase-1, Caspase-3, 
IL-1αα, IL-1ββ, IL-18, IL-1-RI, and IL-1ra
mRNA Expression in Cardiac Tissues of
Patients with ICM or DCM

We quantified the mRNA expression of
caspase-1, caspase-3, IL-1α, IL-1β, IL-18,
IL-1-RI, and IL-1ra by RT-PCR (Figure 1).
Because the number of the tested samples
is low and hampers the quality of the sta-

Table 1. Patient data

Control ICM DCM

n 9 8 10
Sex, M/F 6/3 6/2 9/1
Age, years 42.6 ± 14.5 53.9 ± 6.6 50.1 ± 9.2
Hemodynamics

EF, % 25.0 ± 1.0 26.0 ± 8.0
NYHA grade 3.5 ± 0.2 3.7 ± 0.2
Heart rate, bpm 83.0 ± 7.0 80.0 ± 8.0
PCW, mmHg 16.0 ± 3.0 20.0 ± 3.0
MAP, mmHg 75.0 ± 2.0 79.0 ± 2.0
Cardiac index 2.5 ± 0.5 2.0 ± 0.2

Comorbidity, n
Atrial fibrillation 1 7
Hypertension 4a 1
Diabetes 4 1
Hyperlipidemia 5 2

Pre-explantation treatments, n
Beta-blockers 5 7
Glycoside 4 8
Other antiarrhythmics 1 3
Anticoagulation 5 10
ACE inhibitor/AT1 blocker 8 9
Nitrate 7 6
Lipid-lowering drug 5 2

aHypertension was not relevant for cardiac failure according to the judgments of the
treating physician and the explanting surgeon. ACE, angiotensin converting enzyme; AT1,
angiotensin II type 1 receptor; EF, ejection fraction; MAP, mean arterial pressure; NYHA,
New York Heart Association score; PCW, pulmonary capillary wedge pressure.
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Table 2. Primers used for RT-PCR

PCR product Primer PCR 
Primer sequence (5′-3′) size, bp Protocola annealing, °C cycles

IL-1α ATG-GCC-AAA-GTT-CCA-GAC-ATG 817 I 56 30
TAC-GCC-TGG-TTT-TCC-AGT-ATC-TG

IL-1β GAG-GAT-GAC-TTG-TTC-TTT-GAA-G 1096 I 50 29
GTT-GCT-CAT-CAG-AAT-GTG-GGA-G

IL-1ra ATG-GCT-TTA-GAG-ACG-ATC-TGC 465 III 56 23
AGT-AGA-ATT-TGG-TGA-CCA-TGA-C

IL-18 ATA-TGG-ATC-CAT-GGC-TGC-TGA-ACC-AGT-AG 604 II 60 30
ATA-TCT-GCA-GCT-AGT-CTT-CGT-TTT-GAA-CAG

IL-1-RI ATG-AGA-CAA-TGG-AAG-TAG-AC 372 III 56 21
TAG-ATG-AAA-ACA-GAA-CAC-AC

Caspase-1 ATA-TGG-ATC-CGA-CAA-CCC-AGC-TAT-GCC-C 880 III 56 22
ATA-TCT-GCA-GAT-GTC-CTG-GGA-AGA-GGT-A

Caspase-3 ATA-AAG-GGA-TCC-ATG-GAG-AAC-ACT-GAA-AAC-TCA-G 857 II 64 30
AAC-CTG-CAG-TTA-GTG-ATA-AAA-ATA-GAG-TTC-TTT-TGT-GAG-C

18S rRNA GTT-GGT-GGA-GCG-ATT-TGT-CTG-G 348 IV 60 21
AGG-GCA-GGG-ACT-TAA-TCA-ACG-C

β-actin GTC-AGA-AGG-ATT-CCT-ATG-TGG 855 I 50 28
GGA-GCA-ATG-ATC-TTG-ATC-TTC

aAfter the initial denaturation step (94°C; 2.5 min) 1 of the 4 following RT-PCR protocols was performed (D, denaturation; A, annealing; E,
elongation). I: A (30 s, 94°C; 30 s at primer-specific annealing temperature); E (90 s, 72°C). II: same as I except annealing time 90 s. III
(touch down PCR): after the denaturation step (30 s, 94°C) in the first cycle, A and E were 60 s at 66°C; A and E were reduced 1°C each
following cycle until they reached 57°C; followed by cycles: D (30 s, 94°C); A (30 s, 56°C); E (90 s, 72°C). IV: D (30 s, 94°C); A (30 s, 60°C);
E (30 s, 72°C).

Figure 1. Expression of 18S rRNA, caspase-1, caspase-3, IL-1α, IL-1β, IL-18, IL-1-RI, and IL-1ra mRNA in ICM and DCM patients. RT-PCR analysis
was preformed as described in Material and Methods. Expected sizes of the PCR products are given in Table 2. Two PCR experiments
each were performed with equal results. bp, 100-bp DNA ladder, the brightest band at 600 bp; St, standardization sample: an aliquot of
PCR with human smooth muscle cell cDNA, used as positive control, was applied to the gel and used for quantification of PCR products.
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tistical analysis, we included this presen-
tation of all samples, along with the pres-
entation of the statistical analysis ex-
pressed in arbitrary units in Figure 2. 18S
rRNA, used as the control, was present in
all samples in comparable amounts. 

mRNA expression of the IL-1 process-
ing enzyme caspase-1 and the apoptosis-
related caspase-3 was similar in the two
patient groups (ICM, DCM) and the con-
trol. Quantification of the bands revealed
no significant differences (P > 0.05) in the

expression of these genes (Figure 2) in the
tested groups. For IL-1α, we detected no
mRNA expression in any of the tested
samples, which were derived from adult
donors. Enhancement of the PCR cycle-
number did not change this result, but
led to appearance of unspecific bands
(data not shown). On the other hand, the
IL-1β gene was expressed in most of the
adult samples. The percentage of positive
samples was similar in all studied
groups. Although 2 DCM patients ex-

pressed potently increased IL-1β mRNA,
a situation similar to the data reported by
Ukimura et al. (15), statistical analysis re-
vealed no evidence for a significant differ-
ence. On the other hand mRNA expres-
sion of the IL-18 gene was detectable in
all samples and was lower in tissues de-
rived from ICM and DCM patients, com-
pared with control tissues. Quantification
and statistical analysis showed that the
reduction was significant (ICM vs. con-
trol, P = 0.039; DCM vs. control, P = 0.01)
and that the IL-18 expression in the 2 pa-
tient groups was comparable (ICM vs.
DCM, P = 0.47). The IL-1 isoforms IL-1α
and IL-1β will bind to IL-1RI in order to

Figure 2. Quantification of RT-PCR products. PCR products were quantified by densito-
metric scanning of ethidium bromide–stained gels. Relative values are shown for each
gene after adjusting to the standardization sample (St in Figure 1), normalization to 18S
rRNA, and calculation of mean ± SEM for each studied group (control, ICM, DCM). The
P values are included in the figure if the differences were significant (<0.05).

Figure 3. IL-1 receptor antagonist protein expression. Frozen tissue of independent sam-
ples was homogenized in a homogenization buffer, centrifuged, and 100 µg protein was
analyzed in IL-1ra ELISA. Data of 6 control tissues, 8 ICM tissues, and 10 DCM tissues were
analyzed by 1-way ANOVA and presented as box blot (A) and bar chart representing the
mean ± SEM (B).

Figure 4. IL-1α mRNA is expressed in fetal
human heart tissue. RT-PCR analysis was
performed with cDNA of fetal heart tissue
[fetal; human cardiovascular multiple tis-
sue cDNA (MTC) panel]. PCR experiments
with two MTC panels were performed with
equal results. bp, 100-bp DNA ladder, the
brightest band at 600 bp; St, the cDNA of
SMC was used as the positive control.
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induce signaling. The PCR measurements
showed that IL-1-RI mRNA expression
was similar in the tested groups. 

Finally, we investigated IL-1ra mRNA
expression in the tissues. The IL-1ra–specific
PCR bands were expressed equally in the
myocardium of controls and ICM pa-
tients; however, the expression was much
lower in the left ventricle of patients with
DCM. Statistical analysis confirmed these
results—differences of the IL-1ra mRNA
level between DCM patients and the two
other groups were statistically significant
(DCM vs. ICM, P = 0.00001; DCM vs.
control, P = 0.005), whereas the IL-1ra
levels of ICM patients and control were
similar (ICM vs. control, P = 0.884). These
data were in line with the protein meas-
urements performed in ELISA (Figure 3)
and the determination of the IL-1/IL-1ra
protein ratio (data not shown), although
these results did not reach statistical sig-
nificance.

Agonist and Antagonist Expression in
Adult and Fetal/Neonatal Tissue

The reason for the lack of IL-1α ex-
pression in the tested adult samples was
unclear. Previous reports of our group
showed expression of functional IL-1α
activity in neonatal rat cardiac cells, and
tissue samples of adult rat heart also ex-
pressed IL-1α mRNA (50). Thus, we in-
vestigated the expression of IL-1α and
IL-1β in fetal human tissues. For the
PCR experiments, we used a commer-
cially available “human cardiovascular
MTC panel” that was the only source of
human fetal material available. We show
that the mRNA of IL-1α and IL-1β, as
well as β-actin, IL-18, caspase-1, caspase-
3, IL-1-RI, IL-1ra, and both IL-1 iso-
forms, was present in fetal human heart
tissue (Figure 4).

DISCUSSION
IL-1 is a multifunctional cytokine (36).

It has the capacity to modulate various
cardiovascular functions (21,22).
IL-1–mediated functions are regulated
at different levels, e.g. by activation of
the IL-1 proform by caspase-1; produc-
tion and release of IL-1; interaction of

this mediator with other cytokines, such
as IL-18; receptor expression (e.g., IL-1-
RI); and antagonistic pathways (e.g., IL-
1ra). Thus, we studied the expression of
genes of the IL-1 and caspase families
known to participate in or interfere with
IL-1 functions in nonfailing donor tis-
sues or failing human heart. We de-
scribe significantly lowered IL-18
mRNA expression in tissues of ICM and
DCM hearts, as well as significantly
lowered IL-1ra mRNA expression and a
trend to lower IL-1ra protein levels in
the myocardium of DCM patients, com-
pared with control tissues derived from
hearts scheduled for transplantation.
The lower IL-1ra level may contribute to
enhanced inflammatory status, resulting
in dysregulation of heart cell function
due to enhanced IL-1 activity.

mRNA expression of caspase-1 (the en-
zyme necessary for IL-1β maturation)
and caspase-3 (used as an example of an
important apoptotic caspase) was not
statistically different between control and
patient tissues. Narula et al. (51) investi-
gated caspase-3 activity in cardiomyo-
pathic hearts. Their data show caspase-3
activity in patient tissues, but not in con-
trol tissues. The data reported by us are
still in accordance with their Western
blot results, because they showed that
the caspase-3 proform is expressed in pa-
tients and controls. In our experiments,
owing to the small amount of material,
we were not able to perform analysis of
caspase protein expression. More re-
cently, experiments by the same group in
a sheep heart failure model showed in-
creased caspase-3 activity only at the
onset of myocardial dysfunction (52).

Caspase-1 activates the proform of IL-
1β. IL-1 is a potent activator of heart and
vessel wall cells (24-26). It has been
shown that cardiac overexpression of
IL-1 results in left ventricular hypertro-
phy (53). Here we investigated the
mRNA expression of both IL-1 isoforms.
We found IL-1β mRNA expression in the
myocardium of ICM and DCM patients,
as well as in control tissues. IL-1β ex-
pression has been shown previously in
coronary arteries of ICM patients (14,18),

heart tissues of DCM patients (14,15), in-
farcted rat heart tissue (20), and the heal-
ing zones of postischemic tissues (54).
Although Francis et al. (14) reported a
difference between ICM and DCM pa-
tients, we did not find a significant dif-
ference between these groups. However,
our results are in line with previous
findings in biopsies of transplanted
hearts, showing only low or even no IL-
1β expression in the tissues (55). Further-
more, other authors reported that my-
ocarditis patients, but not DCM patients,
expressed IL-1β mRNA (16). In T3-in-
duced rat heart hypertrophy, neither IL-
1α nor IL-1β were expressed in control
rats, but only after incubation with 3,3,5-
triiodo-thyronine (56). Our findings are
in line with the variable and low expres-
sion of the IL-1β mRNA that others (15)
described.

We also investigated IL-1α expression
in the tissues. We did not find IL-1α
mRNA expression in any of the samples
derived from tissues of adult patients or
control hearts. Han et al. (17), who stud-
ied endomyocardial biopsies from pa-
tients with dilated cardiomyopathy, in-
flammatory myocarditis, and nonfailing
human hearts, also did not find IL-1α
mRNA. IL-1α mRNA was also not pres-
ent in NMRI mice before virus infection
(57). We have previously observed IL-1
activity and IL-1α protein expression in
neonatal rat heart cells (50) and detected
IL-1α mRNA in fetal and adult rat heart
tissue. Thus, we investigated IL-1 mRNA
expression in fetal human heart by using
commercially available cDNAs derived
from human undiseased heart tissues.
Again, none of the adult heart tissues ex-
pressed IL-1α mRNA. However, we
found IL-1α gene expression in fetal
human heart cDNA. We did not find
other reports showing IL-1α expression
in fetal human heart; only one other re-
port showed IL-1α expression in the de-
veloping heart, in experiments with rat
tissue (58). Others showed expression of
IL-1α and IL-1β protein in young and old
mice, with higher expression of IL-1β in
the hearts, compared with IL-1α (59).
Taken together, these data indicate a dif-
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ferential expression of IL-1α mRNA in
murine (fetal and adult) and human
(fetal, not adult) heart tissues.

IL-18, like IL-1β, is activated by cas-
pase-1. After ischemia/reperfusion, both
IL-1β and IL-18 are elevated and are
thought to contribute to impaired con-
tractile force (47). This was suggested by
inhibition studies with caspase-1 in-
hibitors. Application of IL-1ra or IL-18
binding protein also resulted in im-
proved contractile force in isolated tra-
beculae. We show here that all human
myocardial samples studied expressed
IL-18 mRNA. However, the IL-18
mRNA expression in ICM and DCM pa-
tients was significantly lower compared
with controls. Others reported enhanced
IL-18 plasma levels in ICM and DCM
patients (60); however, the IL-18 mRNA
levels reported by them were only en-
hanced in ICM patients. In light of the
report by Pomerantz et al. (47), who
showed enhancement of IL-18 protein
and mRNA in human trabeculae after
ischemia-reperfusion treatment, it ap-
pears possible that the control tissues
investigated by us may contain en-
hanced IL-18 mRNA levels due to ische-
mic activation during the transplanta-
tion procedure, rather than that the
patient tissues contain reduced levels.
However, this hypothesis is probably
not relevant for this study, because it
has been reported that IL-1β mRNA is
enhanced in tissues following ischemia-
reperfusion (54). However, IL-1β mRNA
levels were not different in the samples
tested by us, indicating that no pro-
found (ischemic) activation was measur-
able. Further studies are needed to un-
derstand the situation.

In line with our results, it has been
shown previously that IL-1-RI was not
altered in tissues from cardiomyopathic
patients compared with nonfailing
hearts, but was reduced in myocarditis
(17). In healthy mouse hearts, IL-1-RI
was detected in low expression (61).

Finally, we investigated the expression
of IL-1ra mRNA in these tissue samples.
IL-1ra is a competitor of IL-1 and has
been postulated to be an important coun-

terbalance for IL-1 in tissues (36,48). The
important role of IL-1ra in tissue inflam-
mation has been reported previously in
investigations using mice lacking the IL-
1ra gene. These animals suffered consid-
erably from arterial inflammation (42).
Likewise, the local administration of IL-
1ra in a vector expression system re-
duced mortality and inflammation in
mouse hearts suffering from experimen-
tal coxsackievirus myocarditis (62), and
administration of IL-1ra by osmotic
pumps reduced injury in a myocarditis
model (63). Also, transfection with IL-1ra
reduced heart inflammation and apopto-
sis in rats and provided cardioprotection
(64). The alteration of the IL-1/IL-1ra
balance has been proposed to be one of
the mechanisms promoting progression
of cardiovascular diseases. It has been
described that coronary arteries of ICM
patients expressed more IL-1ra mRNA
and immunoreactive IL-1ra protein than
DCM arteries (65). In heart tissues,
higher expression of IL-1β mRNA was
detected in DCM compared with ICM
patients, and it may be assumed that the
IL-1/IL-1ra balance could be disturbed
by this enhanced IL-1 production (14).
Here we show that IL-1ra mRNA and
protein expression in heart tissues of
DCM patients is lower compared with
ICM or control tissues. Thus, we con-
clude that IL-1ra could participate in
pathogenesis of DCM by shifting the bal-
ance of IL-1ra and IL-1 in cardiac tissues,
thereby enhancing inflammatory poten-
tial in the tissue, resulting in dysregula-
tion of cell growth, contraction, and sub-
sequent worsening of heart failure.

A genetic predisposition of DCM pa-
tients could be responsible for the ob-
served reduction of IL-1ra gene expres-
sion. The IL-1ra gene is polymorph and
contains a variable number of an 86-bp
repeat sequence in intron 2. Allele 1 (IL-
1RN*1; frequency 0.74) contains 4 re-
peats, and allele 2 (IL-1RN*2; frequency
0.21) contains 2 repeats (66). Although
the data concerning association of IL-
1RN*2 with IL-1ra production are contro-
versial, and upregulation or reduction of
IL-1ra content seems to be dependent on

the cell type producing the protein (67),
some reports show association of allele 2
with decreased IL-1ra synthesis. For ex-
ample, lowered total IL-1ra protein pro-
duction was reported in PBMCs from
healthy individuals and ulcerative colitis
(UC) patients carrying the IL-1RN*2 al-
lele compared with those carrying the IL-
1RN*1 allele (68). In columnar epithelial
cells, IL-1RN*2 has been shown to be as-
sociated with reduced protein content
(69). In Dewberry et al. (65), the associa-
tion of IL-1RN*2 with decreased icIL-1ra
protein production in HUVECs was also
documented. Association of IL-1RN*2
with DCM could be one possible expla-
nation of reduced IL-1ra gene expression
in DCM myocardium. In contrast, no
clear-cut association with ICM was re-
ported (70), whereas an association with
coronary artery disease (SVD, but not
MVD) was described (71). Thus, the sug-
gestion that IL-1ra expression is depen-
dent on the polymorphism remains to be
proven by further investigations. 

Taken together, we studied the mRNA
expression of various genes possibly in-
volved in regulation of IL-1 function in
myocardial tissues of heart-failure pa-
tients and non-failing organ donors. We
show a lower IL-18 mRNA expression in
ICM and DCM patients and lower IL-1ra
gene expression in DCM patients, as
compared to controls. The data support
the hypothesis that an imbalance of IL-1
and its antagonist may contribute to pro-
gression of heart disease.
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