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A Functional Interleukin-1 Receptor Antagonist
Polymorphism Influences Atherosclerosis Development

—— The Interleukin-1/:Interleukin-1 Receptor
Antagonist Balance in Atherosclerosis ——

Peder S Olofsson, MD, PhD*.**; Yuri Sheikine, MD, PhD*::8; Ken Jatta, PhD*;
Mehran Ghaderi, PhD; Ann Samnegérd, MD, PhD#; Per Eriksson, PhD*; Allan Sirsjo, PhD'f

Background: Interleukin (IL)-j3 plays a central role in inflammation and atherosclerosis, but levels of IL-1p, its
natural antagonist, IL-1Ra, and their balance in human atherosclerotic lesions, are unknown. Knowledge of
protein levels in atherosclerosis and the influence of a functional /L-1Ra polymorphism would increase the
understanding of atherosclerosis pathogenesis.

Methods and Results: Fresh and endotoxin-stimulated explanted human atherosclerotic and normal arteries
were analyzed for IL-1p3, IL-1Ra and IL-1 receptor 1 (IL-1R1) using TagMan PCR and enzyme-linked immuno-
sorbent assay. Two hundred forty-three survivors of a first myocardial infarction were genotyped for a polymor-
phism in /L-/Ra and their coronary atherosclerosis analyzed by using coronary angiography. Levels of IL-15,
IL-1Ra and IL-1R1 mRNA were significantly increased in atherosclerotic arteries compared with normal arteries.
Endotoxin stimulation increased IL-173 levels more than IL-1Ra levels (ie, promoted a pro-inflammatory state).
A polymorphism in /L-1Ra known to increase levels of IL-1Ra was associated with decreased mean coronary
artery plaque area.

Conclusions: Activation of innate immunity changed the balance between IL-13 and IL-1Ra in atherosclerotic
arteries towards a more pro-inflammatory state. In line with this, the presence of an IL-1Ra intron 2 polymorphism
known to increase IL-1Ra levels, and possibly the IL-1Ra:IL-1/3 ratio, was associated with reduced coronary
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opment of atherosclerosis. Macrophages, T cells

and other immune cells are recruited to growing
atherosclerotic lesions and create a pro-inflammatory envi-
ronment by producing cytokines and chemokines in the
vascular wall. This milieu promotes further cellular influx,
aggravation of inflammation and ultimately plaque rupture
and atherothrombosis!

‘ J ascular inflammation is important for the devel-
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The balance between pro- and anti-inflammatory cyto-
kines plays a decisive role in the progression of atheroscle-
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rosis!2 Interleukin (IL)-1 is a prototypic inflammatory
cytokine, predominantly produced by macrophages and
dendritic cells, that plays a central role in inflammation3
IL-153 activity is counterbalanced by the IL-1 receptor
antagonist (IL-1Ra), which is a secreted acute-phase reac-
tant capable of competitively binding to IL-1R1#

Members of the IL-1 family proteins are present in
human atherosclerotic lesions>® IL-13 may contribute to
vascular pathogenesis by induction of adhesion molecules,
chemokines and promotion of procoagulant activity’:8
IL-13 and IL-1Ra have been suggested as an important
pathogenic pair in this process and their balance has been
reported to influence atherosclerosis development2-3-9
Reduced IL-1Ra levels lead to aggravation of murine
atherosclerosis!0 Patients with unstable angina have high
levels of IL-13 without a corresponding increase in IL-1Ra,
suggesting a shift toward a pro-inflammatory state in this
high-risk group!! The balance between IL-1Ra and IL-1/3
in atherosclerosis is unknown. Moreover, statins reduce
IL-13 expression much more than IL-1Ra expression in
peripheral blood mononuclear cells in this patient groupi!
which may contribute to the beneficial anti-inflammatory
effects of statins.

Activation of the innate immune system may alter the
IL-1Ra:IL-173 balance. Activators of innate immunity,
including microbial products, induce all three IL-1 proteins?
Increased levels of bacterial lipopolysaccharide (LPS), an
activator of the innate immune system and a strong inducer
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Table 1. Baseline Characteristics of the Analyzed Patient Sample Divided on IL-1Ra Intron 2, 86-bp Repeat Polymorphism

Genotype
42&22 44
Genotype - - P value
Median n Median n
Age (years) 53 (48-56) 100 54 (50-57) 106 0.14
Sex (M/F) 80/20 100 88/18 106 0.58
BMI (kg/m?) 26 (24-29) 100 27 (25-28) 106 0.61
Smoker (yes/no) 54/46 100 46/60 106 0.13
CRP (mg/L) 1.4 (0.7-3.3) 96 1.3(0.7-2.7) 102 0.60
Total cholesterol (mmol/L) 5.1 (4.3-5.7) 99 5.2 (4.5-6.0) 105 0.34
Plasma triglycerides (mmol/L) 1.9 (1.1-2.4) 99 1.7 (1.3-2.1) 105 0.26
LDL-cholesterol (mmol/L) 3.3(2.6-3.9) 95 32(2.74.1) 102 0.31
HDL-cholesterol (mmol/L) 1.1 (0.9-1.3) 95 1.0 (0.9-1.3) 102 0.87
IL-6 (pg/ml) 0.8 (0.6-1.5) 95 0.8 (0.6-1.2) 101 0.19

Numbers are medians (interquartile range). For comparisons between groups, the Mann-Whitney U-test was used for continuous,

and the %2 test for categorical, variables.

BMI, body mass index; CRP, C-reactive protein; HDL, high-density lipoprotein; LDL, low-density lipoprotein.

of IL-13 in many cell types, including vascular endothelial
cells and smooth muscle cells] is accordingly associated
with aggravation of atherosclerosis!2-14 and precipitation of
clinical disease!> Further, the increased atherosclerosis
development seen after infection with LPS-containing
bacteria in atherosclerosis-prone mice is, interestingly,
mediated by the IL-1R116

A polymorphism in intron 2 of the IL-/Ra gene, charac-
terized by the presence of a variable copy number of an
86-bp segment, influences IL-1Ra expression and, in that
way, the biological effects of IL-13!7 This polymorphism
has also been associated with human disease development!?
In particular, the 2-repeat allele (2 repeats of the 86-bp
segment) has been linked with worse clinical outcomes in
chronic inflammatory diseases such as systemic lupus ery-
thematosus!8 diabetic nephropathy!® and ulcerative colitis?0
More knowledge the impact of functional /L-Ra polymor-
phisms on atherosclerosis development would increase our
understanding of the importance of the IL-1 family in car-
diovascular pathogenesis.

The balance between IL-15 and IL-1Ra in human
atherosclerotic lesions, and their changes in response to acti-
vators of innate immunity, have so far not been investigated.
Furthermore, the contribution to human atherosclerotic
disease development of the /L-1Ra 86-bp polymorphism
with its effects on IL-1Ra levels is not fully understood. In
this study, we investigated the effects of LPS on the levels
of IL-1 family members in human arterial biopsies and the
effect of the 86-bp polymorphism of /L-1Ra on the severity
of coronary artery disease (CAD).

Methods

These studies were approved by the regional ethical com-
mittee for human studies.

Human Specimens

Seven patients without a history of cardiovascular disease
scheduled for nephrectomy and 31 patients scheduled for
carotid endarterectomy were included after informed con-
sent. Biopsies from the renal arteries and atherosclerotic
lesions were retrieved peroperatively. Pieces from all renal
and 9 carotid arteries were immediately frozen for RNA and
protein extraction. Selected renal artery specimens were
evaluated by using immunofluorescence and showed no
apparent signs of inflammation or atherosclerosis (data not

shown); 22 biopsies from atherosclerotic lesions, each 30 mg,
were cultured in Dulbecco’s modified Eagle’s medium/
Ham’s F12 medium (Gibco, Rockville, MD, USA) enriched
with 30 mg/mL human albumin (Biovitrum AB, Stockholm,
Sweden), and incubated for 6h at 37°C with or without
100ng/mL LPS from Escherichia coli, O55:B5 (Sigma
Chemical, St Louis, MO, USA). Medium from 22 and tissue
from 12 experiments were analyzed.

Study Group

The Stockholm Coronary Atherosclerosis Risk Factor
(SCARF) study, aiming at discovering new biomedical and
genetic markers of CAD, included 387 survivors of a first
myocardial infarction (MI) under the age of 60 years, who
were admitted to 1 of 3 hospitals in Stockholm, Sweden
between 1996 and 2000. Basic clinical characteristics have
previously been reported?!-22 Baseline characteristics for the
individuals included in this study are presented in Table 1.
Of 387 post-MI patients, 243 underwent quantitative coro-
nary angiography registering the degree of coronary artery
stenosis and mean plaque area, among other parameters?!
The plaque area was calculated from 2-dimensional longi-
tudinal imaging of the coronary segment using the Medis
QCA-CMS system (Leiden, The Netherlands).

RNA and DNA Isolation

Human arteries were frozen in liquid nitrogen and disrupted
in a Mikro Dismembrator S (B Braun Biotech International
GmbH, Melsungen, Germany). RNA was then isolated using
the RNeasy Fibrous Tissue Mini Kit (Qiagen, Valencia, CA,
USA) according to the manufacturer’s instructions. The
integrity and quantity of the isolated RNA was evaluated
with an Agilent 2100 bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA) using the RNA 6000 Nano Assay
Kit (Agilent Technologies). Peripheral venous blood was
drawn from the antecubital vein and DNA isolated and
stored as previously described?!

Semi-Quantitative Real-Time RT-PCR

Using random hexamer primers and Superscript II reverse
transcriptase (Invitrogen, Carlsbad, CA, USA), 1.g of RNA
was reverse-transcribed to cDNA. mRNA levels of IL-1Ra,
IL-1R1 and IL-1/3 were assessed by semi-quantitative real-
time RT-PCR in a TagMan universal PCR master mix
(Applied Biosystems, Foster City, CA, USA) as previously
described?
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Genes of the interleukin (IL)-1 family were upregulated in atherosclerosis. mRNA levels, expressed as arbi-

trary units, of (a) IL-18, (b) IL-1R1 and (c) IL-1Ra were significantly higher in atherosclerotic (n=9) than in normal arteries

(n=5) as determined by real-time RT-PCR.

a b
p=0.09 p=0.09
0.10 8 1
0.09 7
0.08
6
0.07
9008 2 s
i=J . . . .
S 005 54 Figure 2. Protein levels of interleukin (IL)-1
3 004 D, family members in normal and atherosclerotic
- arteries. (a) IL-173 and (b) IL-1Ra levels were
0.03 2 investigated in plaque lysates using enzyme-linked
0.02 immunosorbent assay. Levels of both proteins
0.01 1 I Mean were higher in atherosclerotic (n=5) than in normal
. —— T MeantSE arteries (n=5), although the difference did not
0.00 0 S h statistical sienifi
Normal Atherosclerotic Normal Atherosclerotic reach statistical significance.
Genotyping

The region in IL-IRa containing the variable number of
the 86-bp tandem repeat polymorphism was analyzed as
previously described?* using the flanking oligonucleotide
primers 5’-CTCAGCAACAATAATAT-3’and 5°-TCCTG-
GTCTGCAGGTAA-3’ under the following conditions:
denaturation at 96°C for 6 min followed by 35 cycles of
96°C for 1 min, 59°C for 1 min, 72°C for 1 min, and a final
extension step at 72°C for 7min. The number of repeats
was identified by their electrophoretic migration in 1.5%
agarose gels and the genotype stated as xy, where x and y
represent the number of 86-bp repeats on each of the 2
alleles in an individual.

Enzyme-Linked Immunosorbent Assay (ELISA)

The IL-1/3 and IL-1Ra levels in the protein extract from ca-
rotid lesions2’ renal arteries and culture media were measured
using ELISA Kit (R&D Systems, Minneapolis, MN, USA).
Samples were analyzed on a Maxisorb® plate (Nunclon,
Roskilde, Denmark) coated with mouse anti-human IL-1;3 or
IL-1Ra antibody according to the manufacturer’s recommen-
dations (R&D Systems). The optical density was determined
by measuring the absorbance at 450 nm. The absorbance was
correlated against a standard curve.

Statistical Analysis

The Mann-Whitney U-test was used for comparisons
between 2 groups. Values are expressed as mean+standard
error. The %2 test was used to compare proportions; r denotes
the Pearson product moment correlation coefficient. P<0.05
was considered significant.
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Results

IL-1 Family Members Upregulated in Atherosclerosis
Atherosclerotic arteries and normal renal arteries were
obtained peroperatively and compared for mRNA levels of
IL-13, IL-1Ra and IL-IRI. The expression levels of all
three genes were significantly augmented in the atheroscle-
rotic vessels (Figure 1). ELISA showed that levels of IL-1/3
and IL-1Ra protein also tended to be higher in atheroscle-
rotic than normal arteries, but this difference did not reach
statistical significance (Figure 2).

IL-15, IL-1Ra and IL-1R1 Correlated to Leukocyte
Markers in Atherosclerotic Lesions

We then wanted to study the relationship between infiltrat-
ing leukocytes and the expression of IL-153, IL-1R1 and IL-
1Ra. For this purpose, we analyzed the levels of mRNA for
a T-cell marker (CD3), a macrophage marker (CD68), and a
natural killer (NK) cell marker (natural cytotoxicity trigger-
ing receptor 1, NCR1) in atherosclerotic and normal arteries.
There was a significant increase in the gene expression of
the leukocyte markers in atherosclerotic compared with
normal arteries expressed as median (interquartile range):
CD3: 3.4 (1.0-6.0) vs 0.44 (0.21-1.0), P=0.004; CD68: 3.8
(0.68-9.4) vs 0.28 (0.27-0.28), P=0.003; NCR1: 12 (10—
20) vs 1.1 (1.0-1.2) arbitrary units, P=0.003. The levels of
all leukocyte markers correlated significantly with the
expression levels of IL-1Ra, while IL-1R1 expression did
not correlate with these leukocyte markers in atheroscle-
rosis (Figure 3). IL-13 mRNA levels showed the strongest
correlation with CD3 (Figure 3).
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LPS Induced IL-1 Family Members in Atherosclerotic
Lesions

Because activation of innate immunity is known to influ-
ence atherosclerosis development, we wanted to investigate
the effects of a prototypic activator, LPS, on the levels of
members of the IL-1 family in atherosclerosis. Fresh athero-
sclerotic arteries were divided into 2 pieces and incubated

for 6h with or without LPS. This treatment resulted in a sig-
nificant, 25-fold increase in the mean IL-13 mRNA level,
had a non-significant tendency to increase the mean IL-1Ra
level and did not significantly change IL-1R1 mRNA levels
(Figure 4). Mean levels of IL-1/3 and IL-1Ra proteins in
conditioned media after LPS exposure of atherosclerotic
arterial biopsies showed significant increases for both the
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ligand and the antagonist as measured by using ELISA
(Figure 5). Finally, LPS shifted the mean IL-1Ra:IL-1/3
ratio from 260:1 to 28:1 (P=0.03).

An IL-1Ra Polymorphism Correlated to Atherosclerotic
Lesion Size

Because the 86-bp tandem repeat polymorphism in intron
2 of IL-1Ra has been reported to influence the levels of
IL-1Ra, we wanted to investigate whether differences in this
locus were associated with the development of atherosclero-
sis. From the SCARF cohort, 243 post-MI patients who had
undergone quantitative coronary angiography were geno-
typed for this polymorphism; 37 patients were excluded
from this comparison because of non-22, -42 or -44 geno-
type (n=11) or unknown genotype (n=26). The mean plaque
area was significantly larger in patients with the 44 (homo-
zygous for 4 repeats) gene polymorphism compared with
carriers of the 2-allele (42 (heterozygous alleles with 4
repeats and 2 repeats) and 22 (homozygous for 2 repeats))
(Table 2). There was no significant difference in baseline
characteristics between the analyzed genotypes in this
sample (Table 1).

Discussion

In this study, we determined the levels of the pro-inflam-
matory cytokine IL-1/3 and its natural inhibitor, IL-1Ra, in
human atherosclerotic lesions and correlated their expres-
sion with that of leukocyte markers in the lesions. Activa-
tion of the innate immune system by LPS in atherosclerotic
lesions altered the balance between IL-1/3 and IL-1Ra in a
pro-inflammatory direction. In addition, an /L-/Ra polymor-
phism, known to increase systemic levels of IL-1Ra, was
linked to decreased atherosclerotic lesion size in patients
with CAD.

Pro- and anti-inflammatory cytokines play key roles in
the development of atherosclerosis!-226-28 Reduced IL-1Ra
levels lead to aggravation of murine atherosclerosis and
atherosclerosis-prone mice with a deficiency in IL-1Ra have
undesirable cholesterol levels and a disease-prone pheno-
typel®-2 which implies that shifting the IL-1Ra:IL-13
balance toward IL-1Ra may be atheroprotective. These
molecules have previously been identified by immunohis-
tochemistry in human atherosclerotic lesions, but have not
been investigated with quantitative methods. We found that
the mean IL-1Ra:IL-17 ratio was approximately 100:1 in
normal and 70:1 in atherosclerotic arteries. A 100-fold
excess of IL-1Ra over IL-1} efficiently inhibits IL-1 signal-
ing30 which probably translates to weak IL-1 signaling in
normal arteries. In atherosclerotic arteries, levels of these
2 proteins were not only 100-fold higher, but the ratio was
also shifted towards more IL-13, presumably resulting in
higher IL-1R1 activity. Interestingly, a similar ratio has been
observed in the plasma of endotoxemic patients3!

IL-13 and IL-1Ra mRNA levels correlated to markers of
inflammatory cells in atherosclerotic lesions. IL-1;3 corre-
lated significantly with the T cell marker CD3, but not with
CD68, the marker of the main producer of IL-13 (ie, mac-
rophages). Whether this is because of IL-13-driven T cell
chemokine production and augmented T cell recruitment or
is a secondary effect on IL-1;3 production by the resident
T cells is at present unknown. IL-1Ra mRNA levels, in con-
trast, correlated strongly with the T-cell, macrophage and
NK cell markers. Hence, IL-1Ra mRNA levels better
reflected the infiltration of inflammatory cells in these

Circulation Journal  Vol.73, August 2009
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Table 2. Mean Plaque Area in Postinfarction Patients as Determined
by Angiography Divided on IL-1Ra Intron 2, 86-bp Repeat

Polymorphism Genotype
Genotype Mean plaque area (mm?)
44 68.2+26.4, n=106 _
42&22 57.8+24.7, n=100 ] p=0002

atherosclerotic arteries. Expression of the IL-173 receptor,
IL-1R1, did not correlate with any of these cell markers,
suggesting that the transcriptional regulation of IL-1 signal-
ing in these lesions is not primarily at the receptor level.

Because infectious agents and innate immune activation
are implied in the development of atherosclerosis!-32-37 we
wanted to investigate how LPS, a known inducer of innate
immunity, influences the IL-1Ra:IL-13 balance and levels
in human atherosclerosis. Exposure of explanted atheroscle-
rotic arteries to LPS significantly increased the mean levels
of IL-13 and IL-1Ra, and significantly reduced the IL-1Ra:
IL-1}3 ratio, implying a pro-inflammatory shift. This observa-
tion, together with the fact that the IL-1Ra:IL-13 balance in
the lesions is tipped towards more IL-173 already in non-
treated lesions compared with normal arteries, further sup-
ports the notion that recognition of pathogens, toll-like recep-
tor ligation and innate immune activation in atherosclerosis
aggravates plaque inflammation. In view of the many differ-
ent processes of disease development in which IL-1 signal-
ing may take part, it is possible that IL-1 plays roles in both
the chronic and acute development of atherosclerosis?-8:29

The in vivo effects on cardiovascular disease of the 2-
repeat-allele polymorphism of /L-/Ra are not fully clear.
The 2-repeat allele has been associated with increased
IL-13 production in human macrophages3® and an increased
risk for single vessel, but not multivessel, CAD3%40 and
stroke#! However, one study did not support an association
between the IL-1Ra genotype and CAD#2

In the present study, CAD patients carrying the 2-repeat
allele had a smaller mean plaque area, as determined by
quantitative coronary angiography, compared with non-car-
riers of this allele. This finding substantiates previous reports
of slower progression of restenosis after coronary angio-
plasty in individuals carrying the 2-repeat allele3-45 Others
have shown that systemic levels of IL-1Ra are increased in
carriers of the 2-repeat allele*¢ Hence, the polymorphism of
IL-1Ra can alter the baseline balance between IL-1Ra and
IL-173 and increase the IL-1Ra:IL-1p3 ratio. Consequently,
the efficiency of IL-1 signaling would be decreased. In
view of this, we speculate that the higher systemic levels of
IL-1Ra in the carriers of the 2-repeat allele reduce the effi-
ciency of IL-1 signaling, which contributes to dampening
of inflammation in the affected vessels.

In conclusion, the IL-1Ra:IL-1p ratio was shifted toward
a more pro-inflammatory state in atherosclerotic compared
with normal arteries. In line with this, the IL-/Ra polymor-
phism known to increase systemic IL-1Ra levels and reduce
IL-173 signaling efficiency was associated with decreased
coronary atherosclerosis in CAD patients carrying this poly-
morphism. The precise mechanisms behind our findings and
their clinical relevance will require further clarification.

Acknowledgments

This study was supported by the Swedish Heart Lung Foundation, the
Swedish Health Care Sciences Postgraduate School (NFVO) at Karolinska
Institutet and the Swedish Medical Research Council (02042).



1536

Disclosure

The authors declare no conflicts of interest.

10.

11.

12.

14.

15.

16.

17.

18.

19.

20.

21.

22.

References

Hansson GK. Inflammation, atherosclerosis, and coronary artery
disease. N Engl J Med 2005; 352: 1685—1695.

Merhi-Soussi F, Kwak BR, Magne D, Chadjichristos C, Berti M, Pelli
G, et al. Interleukin-1 plays a major role in vascular inflammation and
atherosclerosis in male apolipoprotein E-knockout mice. Cardiovasc
Res 2005; 66: 583—593.

Dinarello CA. Biologic basis for interleukin-1 in disease. Blood 1996;
87:2095-2147.

Hannum CH, Wilcox CJ, Arend WP, Joslin FG, Dripps DJ, Heimdal
PL, et al. Interleukin-1 receptor antagonist activity of a human inter-
leukin-1 inhibitor. Nature 1990; 343: 336-340.

Galea J, Armstrong J, Gadsdon P, Holden H, Francis SE, Holt CM.
Interleukin-1 beta in coronary arteries of patients with ischemic heart
disease. Arterioscler Thromb Vasc Biol 1996; 16: 1000—1006.
Dewberry R, Holden H, Crossman D, Francis S. Interleukin-1 recep-
tor antagonist expression in human endothelial cells and atherosclero-
sis. Arterioscler Thromb Vasc Biol 2000; 20: 2394 —2400.
Radhakrishnan G, Suzuki R, Maeda H, Yamamoto M, Hirose N,
Gopalrao RK, et al. Inhibition of neointimal hyperplasia development
by MCI-186 is correlated with downregulation of nuclear factor-
kappaB pathway. Circ J 2008; 72: 800—806.

Vadas MA, Gamble JR, Rye K, Barter P. Regulation of leucocyte-
endothelial interactions of special relevance to atherogenesis. Clin Exp
Pharmacol Physiol 1997; 24: A33—A35.

Kirii H, Niwa T, Yamada Y, Wada H, Saito K, Iwakura Y, et al. Lack
of interleukin-1beta decreases the severity of atherosclerosis in ApoE-
deficient mice. Arterioscler Thromb Vasc Biol 2003; 23: 656—660.
Isoda K, Sawada S, Ishigami N, Matsuki T, Miyazaki K, Kusuhara
M, et al. Lack of interleukin-1 receptor antagonist modulates plaque
composition in apolipoprotein E-deficient mice. Arterioscler Thromb
Vasc Biol 2004; 24: 1068 —1073.

Waehre T, Yndestad A, Smith C, Haug T, Tunheim SH, Gullestad L,
et al. Increased expression of interleukin-1 in coronary artery disease
with downregulatory effects of HMG-CoA reductase inhibitors. Cir-
culation 2004; 109: 1966—1972.

Gibson FC 3rd, Hong C, Chou HH, Yumoto H, Chen J, Lien E, et al.
Innate immune recognition of invasive bacteria accelerates athero-
sclerosis in apolipoprotein E-deficient mice. Circulation 2004; 109:
2801-2806.

Ostos MA, Recalde D, Zakin MM, Scott-Algara D. Implication of
natural killer T cells in atherosclerosis development during a LPS-
induced chronic inflammation. FEBS Lett 2002; 519: 23-29.
Wiedermann CJ, Kiechl S, Dunzendorfer S, Schratzberger P, Egger
G, Oberhollenzer F, et al. Association of endotoxemia with carotid
atherosclerosis and cardiovascular disease: Prospective results from
the Bruneck Study. J Am Coll Cardiol 1999; 34: 1975-1981.
Gibson FC 3rd, Yumoto H, Takahashi Y, Chou HH, Genco CA.
Innate immune signaling and Porphyromonas gingivalis-accelerated
atherosclerosis. J Dent Res 2006; 85: 106—121.

Chi H, Messas E, Levine RA, Graves DT, Amar S. Interleukin-1
receptor signaling mediates atherosclerosis associated with bacterial
exposure and/or a high-fat diet in a murine apolipoprotein E hetero-
zygote model: Pharmacotherapeutic implications. Circulation 2004;
110: 1678-1685.

Arend WP, Guthridge CJ. Biological role of interleukin 1 receptor
antagonist isoforms. Ann Rheum Dis 2000; 59(Suppl 1): 160—i64.
Blakemore Al, Tarlow JK, Cork MJ, Gordon C, Emery P, Duff GW.
Interleukin-1 receptor antagonist gene polymorphism as a disease
severity factor in systemic lupus erythematosus. Arthritis Rheum
1994; 37: 1380-1385.

Blakemore AI, Cox A, Gonzalez AM, Maskil JK, Hughes ME,
Wilson RM, et al. Interleukin-1 receptor antagonist allele (IL1IRN*2)
associated with nephropathy in diabetes mellitus. Hum Genet 1996;
97: 369-374.

Mansfield JC, Holden H, Tarlow JK, Di Giovine FS, McDowell TL,
Wilson AG, et al. Novel genetic association between ulcerative colitis
and the anti-inflammatory cytokine interleukin-1 receptor antagonist.
Gastroenterology 1994; 106: 637-642.

Samnegard A, Silveira A, Lundman P, Boquist S, Odeberg J, Hulthe J,
et al. Serum matrix metalloproteinase-3 concentration is influenced by
MMP-3-1612 5A/6A promoter genotype and associated with myocar-
dial infarction. J Intern Med 2005; 258: 411-419.

Sheikine Y, Olsen B, Gharizadeh B, Jatta K, Tornvall P, Ghaderi M.
Influence of eotaxin 67G>A polymorphism on plasma eotaxin con-

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

39.

40.

41.

42.

43.

44,

45.

46.

OLOFSSON PS et al.

centrations in myocardial infarction survivors and healthy controls.
Atherosclerosis 2006; 189: 458 —463.

Wagsater D, Jatta K, Ocaya P, Dimberg J, Sirsjo A. Expression of
IL-1beta, IL-1 receptor type I and IL-1 receptor antagonist in human
aortic smooth muscle cells: Effects of all-trans-retinoic acid. J Vasc
Res 2006; 43: 377-382.

Tarlow JK, Blakemore Al, Lennard A, Solari R, Hughes HN,
Steinkasserer A, et al. Polymorphism in human IL-1 receptor antago-
nist gene intron 2 is caused by variable numbers of an 86-bp tandem
repeat. Hum Genet 1993; 91: 403-404.

Wagsater D, Sheikine Y, Sirsjo A. All-trans retinoic acid regulates
CXCL16/SR-PSOX expression. Int J Mol Med 2005; 16: 661 —-665.
Olofsson PS, Soderstrom LA, Jern C, Sirsjo A, Ria M, Sundler E, et
al. Genetic variants of TNFSF4 and risk for carotid artery disease and
stroke. J Mol Med 2009; 87: 337-346.

Olofsson PS, Soderstrom LA, Wagsater D, Sheikine Y, Ocaya P,
Lang F, et al. CD137 is expressed in human atherosclerosis and pro-
motes development of plaque inflammation in hypercholesterolemic
mice. Circulation 2008; 117: 1292—1301.

Kim KI, Lee JH, Chang HJ, Cho YS, Youn TJ, Chung WY, et al.
Association between blood pressure variability and inflammatory
marker in hypertensive patients. Circ J 2008; 72: 293 -298.

Isoda K, Ohsuzu F. The effect of interleukin-1 receptor antagonist on
arteries and cholesterol metabolism. J Atheroscler Thromb 2006; 13:
21-30.

Arend WP, Welgus HG, Thompson RC, Eisenberg SP. Biological
properties of recombinant human monocyte-derived interleukin 1
receptor antagonist. J Clin Invest 1990; 85: 1694—1697.

Granowitz EV, Santos AA, Poutsiaka DD, Cannon JG, Wilmore DW,
Wolff SM, et al. Production of interleukin-1-receptor antagonist
during experimental endotoxaemia. Lancet 1991; 338: 1423 —-1424.
Erridge C, Spickett CM, Webb DJ. Non-enterobacterial endotoxins
stimulate human coronary artery but not venous endothelial cell acti-
vation via Toll-like receptor 2. Cardiovasc Res 2007; 73: 181—-189.
Korner I, Blatz R, Wittig I, Pfeiffer D, Ruhlmann C. Serological
evidence of Chlamydia pneumoniae lipopolysaccharide antibodies in
atherosclerosis of various vascular regions. Vasa 1999; 28: 259-263.
Liao W. Endotoxin: Possible roles in initiation and development of
atherosclerosis. J Lab Clin Med 1996; 128: 452 —-460.

Liuba P, Karnani P, Pesonen E, Paakkari I, Persson K, Forslid A.
Effects of bradykinin on aortic endothelial function in apoE-knockout
mice with chronic Chlamydia pneumoniae infection. Circ J 2007; 71:
1480—1484.

Olofsson PS, Jatta K, Wagsater D, Gredmark S, Hedin U, Paulsson-
Berne G, et al. The antiviral cytomegalovirus inducible gene 5/viperin
is expressed in atherosclerosis and regulated by proinflammatory
agents. Arterioscler Thromb Vasc Biol 2005; 25: e113-el16.

Stoll LL, Denning GM, Weintraub NL. Potential role of endotoxin as
a proinflammatory mediator of atherosclerosis. Arterioscler Thromb
Vasc Biol 2004; 24: 2227-2236.

Santtila S, Savinainen K, Hurme M. Presence of the IL-1RA allele 2
(ILIRN*2) is associated with enhanced IL-1beta production in vitro.
Scand J Immunol 1998; 47: 195-198.

Francis SE, Camp NJ, Dewberry RM, Gunn J, Syrris P, Carter ND,
et al. Interleukin-1 receptor antagonist gene polymorphism and coro-
nary artery disease. Circulation 1999; 99: 861 -866.

Tacoviello L, Donati MB, Gattone M. Possible different involvement
of interleukin-1 receptor antagonist gene polymorphism in coronary
single vessel disease and myocardial infarction. Circulation 2000;
101: E193.

Worrall BB, Azhar S, Nyquist PA, Ackerman RH, Hamm TL,
DeGraba TJ. Interleukin-1 receptor antagonist gene polymorphisms
in carotid atherosclerosis. Stroke 2003; 34: 790-793.

Vohnout B, Di Castelnuovo A, Trotta R, D’Orazi A, Panniteri G,
Montali A, et al. Interleukin-1 gene cluster polymorphisms and risk
of coronary artery disease. Haematologica 2003; 88: 54—60.

Francis SE, Camp NJ, Burton AJ, Dewberry RM, Gunn J, Stephens-
Lloyd A, et al. Interleukin 1 receptor antagonist gene polymorphism
and restenosis after coronary angioplasty. Heart 2001; 86: 336—340.
Kastrati A, Koch W, Berger PB, Mehilli J, Stephenson K, Neumann
FJ, et al. Protective role against restenosis from an interleukin-1
receptor antagonist gene polymorphism in patients treated with coro-
nary stenting. J Am Coll Cardiol 2000; 36: 2168-2173.

Marculescu R, Mlekusch W, Exner M, Sabeti S, Michor S, Rumpold
H, et al. Interleukin-1 cluster combined genotype and restenosis after
balloon angioplasty. Thromb Haemost 2003; 90: 491 —500.

Hurme M, Santtila S. IL-1 receptor antagonist (IL-1Ra) plasma levels
are co-ordinately regulated by both IL-1Ra and IL-1beta genes. Eur J
Immunol 1998; 28: 2598 —2602.

Circulation Journal Vol.73, August 2009



