Expression of Interleukin-18 in Coronary Plaque Obtained by Atherectomy from
Patients with Stable and Unstable Angina
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Introduction

Increasing evidence supports the notion that inflammation is involved in the
pathogenesis of atherosclerosis and plaque instability [1, 2]. We and other investigators have
shown that many pro- and anti-inflammatory cytokines, including interleukin (IL)-1pB, IL-6,
IL-10 and tumor necrosis factor (TNF)-a are expressed in human atherosclerotic plaques [1-3]
and that a balance between pro- and anti-inflammatory responses is a major determinant of the
onset of acute coronary events [4]. Interleukin-18 was originally identified as an interferon
(IFN)-y-inducing factor that might play a central role in the inflammatory cascade [5, 6]. This
pro-inflammatory cytokine is expressed in human atherosclerotic plaques [7, 8], and is related to
plaque progression and instability [7-10]. However, IL-18 localization in coronary plaques and
its relationship to clinical types of angina have not been examined. We therefore
immunohistochemically investigated IL-18 localization in culprit lesions obtained by directional

coronary atherectomy (DCA) from patients with either unstable or stable angina.

Material and methods
Patients

We examined 31 consecutive patients who had undergone DCA for a de novo lesion.
The study population comprised 16 patients with stable angina, classes 1-3 according to the
Canadian Cardiovascular Society classification [11], and 15 with unstable angina, classes I-I11
according to Braunwald’s classification [12]. Patients with serious infectious diseases,
malignancies, or chronic inflammatory diseases were excluded. All of the included patients
provided written informed consent to participate in the study, and the institutional ethics
committees approved the study protocol. Hypertension (systolic pressure >140 mmHg and/or

diastolic pressure >90 mmHg), hyperlipidemia (total cholesterol >220 mg/dl), diabetes mellitus,



smoking, obesity (body mass index >30 kg/m”) and a family history of coronary artery disease
represented risk factors for coronary artery disease. A culprit lesion was identified from a
combination of electrocardiographic findings, angiographic lesion morphology and left

ventriculographic or echocardiographic wall motion abnormalities.

Immunohistochemistry and quantitative methods

DCA specimens were immediately fixed in 4% paraformaldehyde and stained with
hematoxylin and eosin. Sections were also immunohistochemically evaluated using primary
antibodies against SM1 (smooth muscle cells, Kyowa Hakko Kogyo, Tokyo, Japan), CD68
(macrophages, DakoCytomation, Glostrup, Denmark), CD34 (endothelial cells,
DakoCytomation), IFN-y (DakoCytomation) and IL-18 (Medical & Biological Laboratories,
Nagoya, Japan). For immunostaining of IFN-y, 12 frozen sections which were obtained from 5
patients with stable angina and 7 with unstable angina also were used. The sections were stained
using the EnVision+ kit (DakoCytomation). Horseradish peroxidase activity was visualized with
3, 3’-diaminobenzidine containing hydrogen peroxide. To identify which type of cells were
immunopositive for IL-18, we also performed double immunostaining with IL-18 and the above
antibodies. 1L-18 was visualized using 3-amino-9-ethylcarbazole containing hydrogen peroxide
(red; DakoCytomation) and other antibodies were visualized with 3, 3°, 5,
5’-tetramethylbenzidine (blue; Vector Laboratories Inc, Burlingame, CA, USA). In general,
specificity of staining by these antibodies was tested in comparison with the staining of negative
control using non-immune mouse IgG; and non-immune rabbit or rat serum. Immunopositive
areas were quantified using a color imaging analysis system (MacSCORP, Mitani, Fukui, Japan)
and are expressed as the ratio of positively stained areas per total tissue as described [3]. In the

present study, two investigators (T. I. and A. Y.) who were blinded to the patients’ clinical



classification examined DCA specimens, and the inter- and intra- observer correlation for

immunohistochemical scoring were high (r=0.986, P<0.001; r=0.989, P<0.001, respectively).

Statistical analysis

Data are expressed as means = SE. Differences between 2 groups were analyzed using
an unpaired Student’s t-test or the Mann-Whitney U test when the variance was skewed.
Categorical variables were compared by Fisher’s exact probability test. The relationship
between IL-18 and IFN-y expression was evaluated by linear regression analysis. All tests were

two-sided and a P value of <0.05 was considered statistically significant.

Results

Table 1 lists the clinical characteristics of the patients. Risk factors for coronary artery
disease and administered drugs did not significantly differ between patients with stable and
unstable angina. Fig. 1 shows representative immunohistochemical IL-18 findings in coronary
plaque obtained from patients with stable (A) and unstable (B) angina. Immunopositive areas
for IL-18 were significantly greater in patients with unstable, than with stable angina (22.4 + 5.1
vs. 8.2 + 3.5%, P<0.05; Fig. 2A). Furthermore, I1L.-18 expression was more increased in plaques
with than without thrombus (24.3 £4.3 vs. 1.9 £ 1.2%, P<0.01; Fig. 1C and D, Fig. 2B). Double
immunostaining demonstrated that IL-18 immunoreactive cells were mainly macrophages (Fig.
1E, F and G). And immunopositive areas for IL-18 significantly correlated with those for IFN-y

(1=0.891, P<0.001, Fig. 3).

Discussion

We demonstrated for the first time that IL-18 is present in coronary culprit plaques



obtained by DCA. The immunopositive area for IL-18 was greater in patients with unstable,
than with stable angina, and the immunopositive cells were mainly macrophages.

Several cell types from the innate (macrophages and dendritic cells) and adaptive (T,
B cells) immune systems produce IL-18 [5, 6]. This pleiotropic, pro-inflammatory cytokine
possesses several physiological properties, such as the induction of IL-1B, TNF-o and
chemokines, expression of adhesion molecules and metalloproteinases and cell death [5, 6, 8],
all of which are involved in plaque progression, instability and thrombogenesis. Other
investigators have reported that IL-18 expression is increased in human atherosclerotic plaques,
and that it is localized mainly in macrophages [7, 8]. Our results are consistent with these
previous reports and further indicate that immunoreactive I1L-18 is more prominent in coronary
plaques that are prone to rupture and in those with thrombus.

Experimental studies have demonstrated that IL-18 enhances atherosclerosis through
the release of [FN-y [9, 13], and that IL-18 inhibition by IL-18 binding protein reduces plaque
progression in apolipoprotein E (apo-E)-knockout mice [10]. In addition, the extent of
atherosclerosis is reduced in IL-18/apo-E double knockout mice [13]. In the present study, 1L-18
expression significantly correlated with IFN-y expression. Although we could not determine the
physiological role of IL-18 in plaques, our results and these lines of evidence support the notion
that IL-18 plays a proatherogenic role.

On the other hand, clinical studies relating IL-18 to atherosclerosis and cardiovascular
events are limited and controversial [14-20]. Recent clinical studies have assessed the
prognostic value of serum IL-18 for future coronary events in healthy individuals [14, 15]. The
Prospective Epidemiological Study of the Myocardial Infarction study (PRIME) showed that
elevated serum IL-18 is associated with an increased risk of coronary events [14], whereas the

MONICA/KORA Augsburg case-cohort study did not find a significant independent association



between increased IL-18 concentrations and subsequent coronary events [15]. Meanwhile, some
studies of patients with coronary heart diseases have found that the serum IL-18 level is a
predictive marker for future cardiovascular events [16-18]. However, one large prospective
study of patients with angiographically confirmed coronary diseases showed that increased
IL-18 levels at baseline are independently associated with future cardiovascular death during a
3.9-year follow-up [19], but at 5.9 years, IL-18 concentrations were no longer predictive of
outcome [20]. Although the evidence suggests that IL-18 could be a novel marker of future
cardiovascular events in patients with coronary heart diseases, further studies are required to
establish its role in predicting the risk of coronary events.

The present study has several limitations, the first of which is that it is a small study
cohort. A study of far more specimens is necessary to establish the role of IL-18 and to evaluate
the effects of drugs such as statin on IL-18 regulation. In addition, the relationship between
IL-18 levels in serum and tissue could not be assessed, as blood samples from the patients were
unavailable. Finally, a quantitative measure could not be done because each DCA sample was
very small in amount.

In conclusion, we demonstrated that IL-18 expression is increased in unstable
coronary plaques obtained by DCA. This finding supports the suggestions derived from
experimental studies that the inhibition or reduction of IL-18 expression in culprit plaques
would be a novel therapeutic strategy for plaque stabilization and for improving the clinical

outcome of acute coronary events.

Summary
Interleukin (IL)-18 plays a central role in the inflammatory cascade. We

immunohistochemically assessed specimens obtained by directional coronary atherectomy



(DCA) from patients with stable and unstable angina to determine whether IL-18 expression in
coronary atherosclerotic lesions is related to plaque instability. We detected IL-18
immunoreactivity in coronary culprit plaques, especially in macrophages. More arcas were
immunopositive for IL-18 in DCA specimens from patients with unstable angina than in those
with stable angina and IL-18 expression was increased in plaques containing thrombus.
Furthermore, IL-18 expression significantly correlated with IFN-y expression. These findings
suggest that IL-18 is involved in the pathogenesis of plaque instability in human coronary

arteries.
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Table 1. Clinical characteristics of study patients.

Stable angina  Unstable angina P
n=16 n=15
Age (years = SD) 62.8+12.7 62.3+£10.2 NS
Men (%) 13 (81) 11 (73) NS
Risk factors
Hypertension (%) 11 (69) 10 (67) NS
Hyperlipidemia (%) 10 (63) 5(33) NS
Diabetes mellitus (%) 4 (25) 4(27) NS
Smoker (%) 8 (50) 9 (60) NS
Obesity (%) 5(@31) 3 (20) NS
Family history (%) 2 (13) 3 (20) NS
Medication (on admission)
Aspirin (%) 15 (94) 12 (80) NS
Beta-blockers (%) 3(19) 2 (13) NS
Nitrates (%) 5@31) 6 (40) NS
Calcium antagonists (%) 8 (50) 4 (27) NS
Statins (%) 6 (38) 3 (20) NS

Hypertension: systolic pressure >140 mmHg and/or diastolic pressure >90 mmHg.
Hyperlipidemia: total cholesterol >220 mg/dl or patient on lipid-lowering therapy.
Obesity: body mass index >30 kg/m?). Values of P<0.05 were considered significant. NS, not

significant.
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Figure legends

Figure 1. Representative light and immunohistochemical microphotographs of DCA specimens
from patients with stable (A) and unstable (B, C and D) angina. Immunohistochemical stainig
for IL-18 (A, B and D). Hematoxylin and eosin stain (C). Double immunostaining for
endothelial cells (E, blue), smooth muscle cells (F, blue) and macrophages (G, blue) with IL-18
(red). Double immunostaining shows that IL-18 immunoreactive cells are mainly macrophages

(G, arrows). Negative control using non-immune rabbit serum (H). T, thrombus.

Figure 2. Ratio of the IL-18 immunopositive area in DCA specimens from patients with stable
and unstable angina (A) and in those with and without thrombus (B).
The ratio is significantly higher in patients with unstable than with stable angina (A) and IL-18

immunoreactivity is also more intense in specimens containing thrombus (B).

Figure 3. Correlation between ratio of IL-18 immunopositive areas and that of IFN-y

immunopositive areas.

IL-18 expression significantly correlate with [FN-y expression (n=12).
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Figure. 1
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