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Abstract The circulating interleukin (IL)-18 level is a
strong predictor of death from cardiovascular causes in pa-
tients with coronary artery disease. However, the mecha-
nisms of IL-18 in orchestrating the cytokine cascade and the
accelerator of IL-18 production in atherosclerosis are still
unknown. In the present study, we measured the serum
concentration of IL-18 and other markers of inflammation
in 35 patients with acute coronary syndrome. To determine
the mechanism of accelerating IL-18 production, we exam-
ined the release of IL-18 in human endothelial cells using
human recombinant (hr) C-reactive protein (CRP) as a
stimulator of IL-18. Furthermore, we investigated the in-
hibitory effects of hr IL-10 on IL-18 production by hr CRP
in human endothelial cells. Circulating levels of IL-18 were
significantly higher in patients with acute myocardial infarc-
tion than in patients with unstable angina. Incubation with
hr CRP, which was equivalent to the serum concentration in
patients with acute coronary syndrome, induced IL-18 re-
lease. Treatment with hr IL-10 inhibited IL-18 release in the
cells stimulated with hr CRP. The serum level of IL-18 was
identified as a marker of severity in acute coronary syn-
drome. Our findings reveal the possibility that circulating
CRP by itself could cause a deterioration of the inflam-
matory cascade in endothelial cells associated with the
upregulation of IL-18. This suggests that CRP may contrib-
ute to the mechanism of coronary artery disease in addition
to being an incidental product of various types of systemic
inflammation.
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Introduction

Chronic inflammation causes atherosclerosis1 and is also
involved in atherosclerotic plaque disruption and thrombo-
sis, and may greatly influence the occurrence of acute
ischemic syndrome. Current research has mostly focused
on C-reactive protein (CRP) as a marker for coronary
heart disease and acute coronary syndrome, but CRP itself
might also directly provide a proinflammatory stimulus.2

Interleukin (IL)-18, originally termed interferon (IFN)-γ-
inducing factor, is a newly discovered cytokine with pleio-
tropic activities extending from Th1 polarization of the
immune response to a proinflammatory activity.3,4 The mul-
tifunctional properties of IL-18 production in numerous
diseases, such as infections, several types of cancer, and
in-inflammatory and autoimmune diseases, reflect an
inappropriate immune response.5–7 A recent study showed
significant expression of IL-18 in human carotid atheroscle-
rotic plaques.8 Increasing plasma levels of IL-18 in patients
with acute coronary syndrome were reported to the associ-
ated with increased mortality.9 Moreover, the serum IL-18
level was identified as a strong independent predictor of
death from cardiovascular causes in patients with coronary
artery disease.10 However, the effects of IL-18 on the pro-
duction of other cytokines in coronary artery disease are
still unknown. We hypothesized that IL-18 could upregulate
excessive expression of inflammatory properties, and might
play an important role in atherosclerosis development and
stability in patients with acute coronary syndrome. In the
present study, we evaluated the serum concentration of IL-
18 in patients with acute coronary syndrome. Furthermore,
we tested the hypothesis that CRP can be a trigger of IL-18
expression in human endothelial cells and that this mecha-
nism is inhibited by IL-10 in vivo. Thus, CRP might provide
a trigger for elevated IL-18 levels in acute coronary
syndrome.
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Patients and methods

Study population

The study population consisted of 35 patients [30 men and
5 women; age range 40–87 (mean 66.2) years] with acute
coronary syndrome (ST-segment elevation, non-ST-
segment elevation myocardial infarction, or unstable
angina). They underwent coronary angiography for clinical
indications at the Cardiovascular Center of the Kitasato
University Hospital, with at least one affected vessel with
�75% stenosis in a major coronary artery. The exclusion
criteria of this study were evidence of hemodynamically
significant valvular heart disease, surgery or trauma within
the prior month, known cardiomyopathy, known malignant
disease, febrile conditions, or renal failure. Patients were
eligible if they had either or both of the following sets of
findings: one or more episodes of angina while at rest that
lasted at least 5min and new ST-segment changes; or an
abnormal result on a quantitative cardiac troponin-T level
above 0.01ng/ml. Informed consent was obtained from all
patients before blood sampling for this study.

Blood processing

Peripheral venous blood was taken and immediately centri-
fuged for 15min at 4°C to measure plasma brain natriuretic
peptide (BNP), serum IL-18, IL-10, and high-sensitivity
(hs)-CRP. All samples were stored at �80°C before
analysis.

Measurement of BNP and hs-CRP

Circulating levels of plasma BNP were measured by radio-
immunoassay (Shionoria BNP kit, Osaka, Japan; sensitivity,
18.4pg/ml). The concentration of hs-CRP was determined
from serum samples in patients with CHF (LPIA-CRP,
Iatron Laboratories, Tokyo, Japan; sensitivity, 20µg/dl).

Materials

Human umbilical vein endothelial cells (HUVECs) from
Clonetics (Walkersville, MD, USA) were grown in endot-
helial basal medium (EBM-2; Clonetics) supplemented
with hydrocortisone, human fibroblast growth factor-B, hu-
man recombinant vascular endothelial growth factor, long
R insulin-like growth factor-1, ascorbic acid, heparin, fetal
bovine serum, human recombinant epidermal growth fac-
tor, gentamicin, and amphotericin-B in a humidified incuba-
tor containing 5% CO2 in air at 37°C. Cells were used at
passages 3–4. Human recombinant (hr) C-reactive protein
(CRP) was purchased from Wako Pure Chemical Industries
(Osaka, Japan). The confluent monolayers of HUVECs
were stimulated with several doses of hr CRP in fresh me-
dium. For inhibitory experiments, the cells were pretreated
with hr IL-10 (Strathmann Biotech, Hannover, Germany).
After 1h, the cells were incubated with hr CRP for 24h.

Immunoactivities of cytokines

The levels of IL-18 in the culture supernatant or serum
levels of IL-18 were measured using a commercially avail-
able immunoassay kit (MBL, Nagoya, Japan) according to
the manufacturer’s instructions. The assay uses two mono-
clonal antibodies against two different epitopes of human
IL-18. Briefly, diluted serum samples were incubated on
microtiter plate wells precoated with antihuman IL-18
monoclonal antibody (125-2H) for 1h at room temperature.
After washing, the peroxidase-conjugated antihuman
monoclonal antibody (159-12B) was added to the microwell
and incubated for 1h at room temperature. After another
washing, the peroxidase substrate was mixed with chro-
mogen and allowed to incubate for 30min at room tempera-
ture. An acid solution was then added to each well to
terminate the enzyme reaction and to stabilize the devel-
oped color. The optical density (OD) of each well was then
measured at 450nm using a microplate reader. In each case
duplicate readings were converted into pg/ml using the stan-
dard curves generated from each plate. The mean (�SD)
serum concentration of IL-18 from 46 healthy blood donors
measured by the assay was 126.0 � 44.5pg/ml. The sensitiv-
ity of the assay was 12.5pg/ml. Serum levels of IL-10 were
measured using a highly sensitive human IL-10 kit (Human
IL-10 US ELISA; BioSource International, Camarillo, CA,
USA). A monoclonal antibody specific for human IL-18
was coated onto the microtiter wells. During the first incu-
bation, the IL-10 antigen bound to the immobilized anti-
body on one site. After washing, a biotinylated monoclonal
antibody specific for IL-10 was added. During the second
incubation, this antibody bound to the immobilized IL-10
captured during the first incubation. After removal of the
excess second antibody, streptavidin-peroxidase was added.
After the third incubation and washing to remove all un-
bound enzyme, a substrate solution was added, which was
acted upon by the bound enzyme to produce color. The
intensity of this colored product was measured at 450nm
using a microplate reader. The minimum detectable dose of
human IL-10 was �0.2pg/ml. The mean level of human IL-
10 from 26 sera evaluated in this assay was 3.6pg/ml (rang-
ing from 1.4 to 8.2pg/ml).

Statistical analyses

The results are presented as the mean � standard error
for variables. If blood test results were below the limit of
detectability of a test, the lower limit of detection
was recorded. Univariate analysis was performed using
Student’s t-test. Categorical data were compared against a
chi-squared distribution. Comparisons between multiple
groups were determined by one-way analysis of variance
(ANOVA), and were followed by Scheffe’s F-test for nor-
mal variables. The levels of IL-18, hs-CRP, troponin-T, IL-
10, and BNP among the patient subgroups were compared
with a Kruskall-Wallis one-way analysis of variance on
ranks. Linear regression analysis was employed to deter-
mine the relationship between continuous variables. Differ-
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ences were considered significant at P � 0.05. Statistical
analyses were performed with StatView 4.58 software
(Abacus Concepts, Calabasa, CA, USA).

Results

IL-18 and coronary artery disease

Among the 30 male and 5 female patients, the mean left
ventricular ejection fraction was 37.3%. Among these pa-
tients, 7 died of cardiovascular causes within a year after
acute coronary syndrome. A total of 40% of these patients
had had previous myocardial infarction. Four patients had
had coronary bypass surgery at least 2 years previously. The
circulating level of IL-18 in the patients was 311.2 � 38.6pg/
ml. IL-18 concentrations did not correlate with BNP, left
ventricular ejection fraction, or age. The circulating level of
hs-CRP was 2493.8 � 788.8µg/dl, troponin-T was 0.42 �
0.22ng/ml, IL-10 was 12.3 � 2.7pg/ml, and BNP was 638.9 �
110.1pg/ml in the 35 patients (mean � SE). The serum level
of IL-18 in patients with triple-vessel disease (389.8 �
78.6pg/ml) tended to be higher than in patients with single-
or double-vessel disease (251.1 � 42.7, 281. 1 � 69.7pg/ml,
respectively). There was no consistent relationship found
between the extent of coronary artery disease and the levels
of IL-18, hs-CRP, troponin-T, left ventricular ejection frac-
tion, or age.

IL-18 and other markers

IL-18 concentrations did not correlate with the inflamma-
tory marker, hs-CRP, and the sensitive myocardial necrosis
marker, troponin-T, in patients with acute coronary syn-
drome. Patients were divided into two groups according to
the presence or absence of an elevated troponin-T level at
the time of blood sampling (Table 1). The median troponin-
T level was 0.05ng/ml in the 35 patients. In those with
troponin-T elevation (n � 18), the serum levels of IL-18

were significantly greater than in those with low troponin-T
levels (466.1 � 50.9 vs 147.2 � 18.5pg/ml; P � 0.0001; Fig.
1). However, no difference was found in left ventricular
ejection fraction, plasma levels of BNP, and serum levels of
hs-CRP between these two groups.

CRP activates the releasing of IL-18 in human
endothelial cells

To investigate the direct effect of CRP in HUVECs, the
cells were incubated with hr CRP. Forty-eight-hour time
course studies are shown in Fig. 2. Stimulation with hr CRP
at a concentration of 100µg/ml induced a significant secre-
tion of IL-18, with the maximum effect at 48h (a 2.3-fold
increase at 48h; P � 0.0001). To confirm the influence of
clinical levels of circulating CRP, the cells were incubated
with 1, 10, and 100µg/ml of hr CRP, which was a lower
concentration than the serum levels of hs-CRP in the pa-
tients (serum levels of hs-CRP in patients with acute coro-
nary syndrome range from 10 to 24073µg/dl). As shown in
Fig. 3, dose-response experiments performed with 24-h in-
cubation showed a significant induction of IL-18 even with
10µg/ml (from 71.5 � 5.8 (mean � SEM of triplicates)
pg/ml at baseline to 130.4 � 16.3 with 10µg/ml of hr CRP).
These results represent three independent experiments.

hr IL-10 prevents IL-18 releasing by CRP

We also tested the effects of IL-10 on the proinflammatory
effects of IL-18 in HUVECs. The inhibitory effect of pre-
treatment with hr IL-10 on the release of IL-18 in the cells
treated with hr CRP was significant (Fig. 3). When the cells
were preincubated with anti-inflammatory cytokine, hr IL-
10 (10ng/ml), the maximum inhibitory effects of hr IL-10 on
IL-18 release was seen in HUVECs stimulated with 10µg/
ml of hr CRP (130.4 � 16.3 to 85.5 � 9.2pg/ml, P � 0.001).

Table 1. Demographic characteristics of patients with acute coronary
syndromes according to troponin-T levels

TnT (ng/ml) �0.05 �0.05 P value
(n � 17) (n � 18)

Age (years) 64.8 � 2.2 67.5 � 2.4 NS
Male (%) 88.2 83.3 NS
LVEF (%) 40.5 � 4.0 34.3 � 2.3 NS
Previous myocardial 47.1 33.3 NS

infarction (%)
Triple-vessel disease 29.4 44.4 NS

(%)
BNP (pg/ml) 480.6 � 152.4 788.4 � 154.2 NS
hs-CRP (µg/dl) 1 354.2 � 543.4 3 570.1 � 1 420.0 NS
IL-18 (pg/ml) 147.2 � 18.5 466.1 � 50.9 �0.0001

Data presented are percentage of patients or mean � SE
TnT, troponin-T; LVEF, left ventricular ejection fraction; BNP, brain
natriuretic peptide; hs-CRP, high sensitivity test for C-reactive protein;
IL, interleukin; NS, nst significant
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Fig. 1. Subgroup analysis of serum levels of interleukin-18 (IL-18) in
patients with acute coronary syndrome. The median value of troponin-
T (TnT) was 0.05ng/ml in 35 patients. Seventeen patients had serum
levels of TnT �0.05ng/ml, whereas 18 patients had serum levels of TnT
�0.05ng/ml. Each point represents one subject; dotted line indicates
the mean serum levels of IL-18 in control subjects
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Moreover, the effect of 100µg/ml of hr CRP on IL-18 re-
lease was also inhibited by 10ng/ml of hr IL-10 (139.6 � 17.7
to 108.1 � 18.6pg/ml, P � 0.05).

Discussion

In this study, we demonstrated for the first time that mea-
surement of IL-18 provides important information about
the severity of myocardial damage in patients with acute
coronary syndrome. This study also showed that hr CRP
directly induces the expression of IL-18 in HUVECs. Fur-
thermore, the incubation with hr IL-10 modulated the re-
leasing of IL-18 in the cells treated with hr CRP.

A previous clinical study showed significant expression
of IL-18 in human carotid atherosclerotic plaques.8 Indeed,
human atheroma in situ expressed IL-18 and its receptor
compared with nondiseased arterial tissue.11 A previous

study of IL-18 concentration in control subjects showed that
the level of IL-18 in age- and sex-matched controls was 26 �
10pg/ml.12 We were able to demonstrate for the first time
the association between serum levels of IL-18 and troponin-
T in patients with acute coronary syndrome. The patients
ranged in age from 39 to 79 years. The relation between IL-
18 and troponin-T was independent of clinical features such
as ejection fraction and remained unaffected by another
inflammatory marker, hs-CRP. Cardiac troponin-T, a sensi-
tive marker of myocardial necrosis, is known as a predictive
marker for short-term prognosis in patients with acute coro-
nary syndrome.13 According to a report that the focus of
systemic inflammation in patients with unstable angina is
the result of low-grade myocardial necrosis,14 circulating IL-
18 may also reflect the myocardial damage seen in patients
with acute coronary syndrome. Thus, the effects of IL-18 on
myocardial damage in ischemia are much less well under-
stood. A recent study showed that the endogenous inhibitor
of IL-18, IL-18 binding protein, modulates the development
and stability of atherosclerosis in ApoE knockout mice.15

These findings identify inhibitors of IL-18 signaling as new
important therapeutic targets to prevent atherosclerotic
plaque development and to limit plaque complications.

IL-10, which is produced by various inflammatory cells,
is a major inhibitor of cytokine synthesis which suppresses
macrophage function, and inhibits the production of
proinflammatory cytokines.16,17 Moreover, the protective
role of IL-10 in atherosclerosis has been reported.18 Pre-
treatment with hr IL-10 was effective in decreasing IL-18
release induced by hr CRP in our in vitro study. In a previ-
ous study, serum levels of IL-10 were decreased in patients
with acute coronary syndrome.19 The therapeutic modula-
tion of endothelial inflammation by IL-10 could be a future
target for acute coronary syndrome.

CRP is strongly associated with the occurrence of new
cardiovascular events in patients with unstable angina,20 and
it is also an important risk factor for cardiac mortality in
normal subjects.21 Although CRP can merely be a marker
of an underlying inflammatory/atherosclerotic process, it is
possible that CRP may contribute to the pathogenesis of
atherosclerosis/inflammation.2,22,23 Taking this epidemio-
logical and experimental background into account, human
endothelial cells were incubated with hr CRP as a model of
endothelial inflammation in acute coronary syndrome. We
demonstrated a direct important role for CRP, the release
of IL-18 in human endothelial cells. These findings reveal
that CRP may contribute to the mechanism of endothelial
inflammation in acute coronary syndrome by activation of
the IL-18 system, which may amplify the inflammatory cas-
cade in tissue injury in addition to initiating endothelial
damage and atherogenesis promoted through the recruit-
ment of leukocytes. Although all mechanisms of the effects
of CRP have not been clarified in this study, CRP may
contribute to the mechanism of atherosclerosis, partially via
IL-18 activation.

In conclusion, we demonstrated a new step proximal to
IL-18 in the inflammatory pathways of acute coronary syn-
drome. Circulating CRP could induce IL-18 directly in hu-
man endothelial cells. These results identify an important
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Fig. 2. The effect of human recombinant C-reactive protein (hr CRP)
on the production of IL-18 in human umbilical vein endothelial cells
(HUVECs). Time course of the release of IL-18 during incubation with
(closed circles) or without (open circles) hr CRP (100µg/ml). The val-
ues shown are mean � SEM of triplicates. Production of IL-18 was
compared with HUVECs incubated without hr CRP for the same time
period. *P � 0.001, †P � 0.05. The data represent three independent
experiments
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Fig. 3. The effect of CRP on IL-18 production and the inhibitory effect
of IL-10 in HUVECs. Dose response of the effects of 24-h incubation
with hr CRP on IL-18 production. HUVECs were stimulated with hr
CRP (0, 1, 10, 100µg/ml) with (stippled bars) or without (closed bars) hr
IL-10 pretreatment (10ng/ml, 1 h). The error bars indicate the SEM
of the mean of triplicates. *P � 0.01 vs untreated control. The data
represent three independent experiments
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role for CRP in the pathophysiology of plaque develop-
ment/progression, and provide a direction for more specific
immunomodulating therapy for atherosclerosis.
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