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Thrombosis research paper

Background and Objectives. The pro-inflammatory
cytokine interleukin (IL)-1 has been suggested to play a
role in atherosclerosis. Several genetic polymorphisms
have been described in the genes of the IL-1 cluster and
associations with coronary artery disease (CAD) have
been reported, although with contrasting results. 

Design and Methods. The associations of a variable
number tandem repeat (86bp) polymorphism in intron 2
of interleukin-1 receptor antagonist (IL1-RA) and of the
–511 C/T polymorphism of IL-1β with the risk of CAD
were studied. Three hundred and thirty-five case (CAD+)
patients with angiographically documented CAD (steno-
sis >50% in at least one major coronary artery) were com-
pared with 205 unrelated individuals free of CAD signs at
angiogram (CAD- controls). One hundred and two
(30.5%) CAD+ patients had single-vessel disease (SVD)
and 233 (69.5%) multiple-vessel disease (MVD).

Results. There was no statistically significant differ-
ence in either genotype distribution or allele frequency of
both IL-1 RA and IL-1β –511 C/T polymorphisms between
CAD+ cases and CAD- controls. Moreover in multivariate
analysis, adjusting for multiple comparisons and con-
founding factors, no difference was found in IL-1 RA geno-
type distribution between patients with SVD or MVD.

Interpretation and Conclusions. Our study does not
support the association between IL-1 RA intron 2 VNTR
and IL-1β –511 C/T polymorphisms and the risk of CAD
in individuals undergoing coronary angiography.

Key words: interleukin-1β, interleukin-1 receptor
antagonist gene, polymorphism, coronary artery
disease.
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Atherosclerosis can be considered as an inflamma-
tory disease.1 Histopathology studies demonstrat-
ed that atherosclerotic lesions contain infiltrates of

inflammatory cells and sites of plaque ruptures are asso-
ciated with inflammatory components. The proinflam-
matory cytokine interleukin (IL)-1 has been suggested
to play a role in atherosclerosis.1 It may contribute to the
pathogenesis of arteriosclerosis by different pathways,
including the stimulation of vascular smooth muscle cells
by transforming growth factor-β,2 the suppression of
endothelial cell proliferation,3 the expression of adhesion
molecules by endothelial cells4 and the modification of
endothelium to favor coagulation and thrombosis.5
Moreover, IL-1β stimulates the synthesis of IL-6,6 fib-
rinogen,7 C-reactive protein8 and other inflammatory
mediators involved in coronary syndromes. Detection of
increased levels of IL-1βmRNA in human arteriosclerotic
plaques9 suggests that the protein, synthesized locally,10

may activate or enhance the synthesis of growth factors
and other cytokines, leading to local inflammatory cas-
cades and that it is involved in the proliferation or dif-
ferentiation of monocyte-derived cells and increased
vascular permeability.

The IL-1β gene lies in a cluster with other interleukin
genes on human chromosome 2q 13.11 Several genetic
polymorphisms have been described in the genes of the
IL-1 cluster and associations with severity of several
chronic inflammatory diseases have been reported.12-14 Of
particular interest are a C/T single base variation at posi-
tion –511 of IL-1β promoter15,16 and a variable number
tandem repeat (VNTR) polymorphism described in intron
2 of the IL-1 receptor antagonist (IL-1RA) gene.17 The
latter is associated with both blood levels of IL-RA17,18

and its release from human monocytes upon stimula-
tion.17 Moreover,  it has  been suggested that IL-1 RA
plasma levels may be co-ordinately regulated by both
IL-1 RA and IL-1β genes.18 The IL-1 RA, a naturally occur-
ring antagonist of IL-1 activity,19 appears to play a major
role in determining the pro-inflammatory activities of
IL-1β in vivo.20 Recent studies evaluating the association
between polymorphisms in the IL-1 gene cluster and
coronary artery disease have reported contrasting results.
A significant association of IL-1RA intron 2 VNTR poly-
morphism with increased risk of single-vessel coronary
disease has been observed in a UK population.21 Con-
versely, a protective role of the IL-1RA (+2,018), a single
base pair polymorphism in exon 2, against re-stenosis
has been described in patients treated with coronary
stenting.22 Finally, two studies reported lack of associa-



tion between IL-1 RA polymorphisms and the risk of
acute myocardial infarction (MI).23,24 In considera-
tion of such contrasting findings additional studies
on the relationship between polymorphims in the
IL-1 cluster and CAD risk are needed. The differ-
ences can be explained by different populations, dif-
ferent end-points and also by different statistical
and methodological approaches. Considering IL-1
RA VNTR as a biallelic polymorphism by omitting
less common alleles, and omitting adjustment for
multiple comparisons in the analysis may have con-
tributed to the heterogeneity of  the findings.

In addition, as the IL-1 pathway might be mod-
ulated by both IL-1β and IL-1RA activities, poly-
morphisms in both genes should be considered in
investigating the role of IL-1 gene cluster on CAD.
Therefore, in the present study, we evaluated the
association of the variable number tandem repeat
(86bp) polymorphism in intron 2 of the IL-1 RA
gene and the polymorphism at position-511 of IL-
1β gene with the risk of angiographically assessed
coronary atherosclerosis.

Design and Methods

Subjects
The study population was selected from a cohort

of patients undergoing coronary angiography
between 1994 and 1996 at the Department of Car-
diosurgery of Rome University “La Sapienza”. Coro-
nary artery disease (CAD), defined as the presence
of one or more stenoses >50% in at least one major
coronary artery, was identified in 335 case patients
(mean age 59.5±9.4 years, 280 males and 55
females). Of these 335 patients, 102 (30.5%) had
single-vessel disease (SVD) and 233 (69.5%) had
multiple-vessel disease (MVD). In the latter group
112 (33.4%) had double- and 121 (36.1%) triple-
vessel disease. No patient was enrolled during the
acute phase of the ischemic syndrome.

As a control group (CAD-), 209 unrelated patients
free of CAD (defined as <10% stenosis) were
included. We failed, however, to genotype 4 con-
trol patients, so the total number of controls used
in the analysis was 205 (mean age 56.6±11.8 years,
96 males and 109 females). The CAD- group con-
sisted of patients evaluated for valvular surgery or
other diagnostic purposes and patients suspected
of having ischemic heart disease but in whom no
significant coronary stenosis was detected. The
classification was based on the visual assessment
of 15 coronary segments, according to the Ameri-
can Heart Association criteria.25 Patients with con-
current thyroid, liver or renal disease were exclud-
ed from both cases and controls.

CAD risk factors (smoking, history of hyperten-
sion, diabetes mellitus, hyperlipidemia and cardiac
events) were assessed by a structured question-
naire. Weight, height, systolic and diastolic blood

pressures were measured. Two cardiologists who
were unaware that the patients were participating
in the study assessed the angiograms. The study
was approved by the local institutional ethical
committee and was performed according to the
Declaration of Helsinki of 1975. Each participant
gave written informed consent to the study.

Laboratory measurements and techniques
Fasting venous blood was collected from an

antecubital vein in 10mL Na-EDTA. Plasma total
cholesterol, triglyceride and lipoprotein fraction
levels were measured with a Technicon RA-1000
Autoanalyzer. HDL cholesterol was determined in
the whole plasma after precipitation of apoB-con-
taining lipoproteins with phosphotungstic
acid/MgCl2.26 Genomic DNA was extracted from
peripheral blood using a salting out method. Enzy-
matic amplification of DNA was performed by poly-
merase chain reaction (PCR) using Taq polymerase
(Promega, Madison, WI, USA).

Primers for the IL-1 RA variable number tandem
repeat (86bp) in intron 2 were 5'-CTCAGCAA-
CACTCCTAT-3' and 5'-TCCTGGTCTGCAGGTAA-3'.
PCR conditions were as follows: denaturing step at
96°C for 2 min, 35 cycles of 94°C for 1 min and 30
seconds, 60°C for 1 min and 30 seconds and 70°C for
2 min.27 Allele 1 (4 repeats) was 412 bp, allele 2 (2
repeats) 240 bp, allele 3 (3 repeats) 326 bp, allele 4
(5 repeats) 498 bp, and allele 6 (6 repeats) 584 bp.

Primers for IL-1β–511 C/T polymorphism were
TGGCATTGATCTGGTTCATC (upstream) and GTTTAG-
GAATCTTCCCACTT (downstream).14,16 Thirty ampli-
fication cycles run at 95°C for 1 min, 53°C for 1 min
and 72°C for 1 min, after 1 min prewarming at
95°C and restriction enzyme digestion (overnight,
37°C) with 3 units of Ava I and Bsu 36I (Promega,
USA) of the amplified fragments followed by a run
on 2.5% agarose gel were performed for a double
confirmation of the genotyping: Ava I produces
fragments of 190+114 bp (C allele) and 304 bp (T
allele), while Bsu 36I produces fragments of 304 bp
(allele C) and 190+114 bp (allele T).

Statistical analysis
According to previous studies, the prevalence of

the T allele of –511 IL-1β and of the 2 allele of IL-
1 RA polymorphisms was assumed to be 0.32 and
0.23 in healthy subjects.21 According to the lowest
allele frequency, a minimum sample size of 320
cases was necessary to detect a difference in risk
of at least 75% with β=0.10 and α=0.025 two
sided (established after Bonferroni’s correction for
two polymorphisms).

The frequencies of the alleles were determined by
genotype count and compared with the values pre-
dicted on the basis of the  assumption of Hardy-
Weinberg equilibrium performing the exact test of
the Hardy-Weinberg proportion for multiple alle-
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les.28 The coefficient of gametic linkage disequilib-
rium was calculated by likelihood methods in the
control sample.29 The coefficient (D') is reported as
the ratio of the unstandardized coefficient to its
maximal value.

The problem of multiple testing arises in per-
forming many hypothesis tests on the same data
set:30 in our study such a problem was addressed by
using a permutation technique (MULTTEST proce-
dure for SAS). An adjusted for multiple comparison
p-value is defined as the probability of observing a
raw (unadjusted) p-value at least as extreme as
the given p-value when the entire family of tests
(generated after permutations) is considered under
the complete null hypothesis. Following this
approach, we compared the presence of allele 2
against no presence of allele 2 in both polymor-
phisms, as the method applied only on 2xN tables
(with N>2 in our study related to CVD status –
CAD-, CAD+, SVD, MVD). Give the major effect of
allele 2 found in previous studies, this was not a
limitation in analyzing the IL-1 RA intron 2 VNTR
polymorphism.

In oder to evaluate the relative effects of the poly-
morphisms, the following strategy (based on a recent
report by Cordell et al.31) was applied: i) the effect of
each polymorphism was first coded as βr*Xr + βδ*Xd

in a multiple logistic regression model, with Xr = (0,
0, 1) and Xd = (0,1,1) for genotype (11, 12, 22) (for the
RN polymorphism, aimed at evaluating the allele 2
effect versus other alleles, the coding scheme dis-
cussed in Schaid32 was used); using this coding
scheme, the parameters βr and βd represent recessive
and dominant effect of the allele 2; ii) if βd and βr =
0 (i.e. the two terms are not statistically significant
after fitting data), a co-dominant model can be test-

ed using a single term βc*Xc, with Xc = (0, 1, 2); iii)
after having assessed the model of inheritance for
the single polymorphism according to the previous
steps, a final multiple logistic regression model
including covariates plus terms for polymorphisms
can be fitted; the relative effect of each polymor-
phism can be evaluated using a stepwise selection
procedure applied to the set of terms related to poly-
morphisms (but not to the set of covariates, which
remained forced in the model; covariates were age,
sex, smoking habits, body mass index, history of
hypertension, diabetes or hyperlipidemia. The means
were compared by analysis of variance or the
Kruskal-Wallis test. χ2 analysis or Fisher’s exact test
was used to compare discrete parameters. Data for
continuous variables were expressed as means±SD;
a two-tailed p value of less than 0.025 was consid-
ered to indicate statistical significance. All compu-
tations were carried out with the SAS statistical
package.33

Results

Characteristics of the study population
The main characteristics of the case patients and

controls are listed in Table 1. The case patients were
older, with a higher proportion of male subjects,
smokers, hypertensive and diabetics, more over-
weight and with a more unfavorable profile of plas-
ma lipids. There was no significant difference in
blood pressure between the groups, probably due to
the high frequency of blood pressure lowering treat-
ments among CAD+ patients. Out of the 335 CAD+

patients, 102 (30.5%) had SVD, while 233 (69.5%)
patients suffered from MVD. The group with MVD
contained a significantly higher proportion of male
patients (87.1% v.s. 75.5% in SVD group, p=0.008)
and was more prone to have higher levels of total
and LDL cholesterol (223.8 and 145.1 mg/dL v.s.
206.2 and 129 mg/dL in SVD group, p<0.005 for
both) as compared to the group with SVD.

IL-1 RA variable number tandem repeat
(86bp) polymorphism  in intron 2 and risk
of CAD

The genotype and allele distributions of the IL-1
RA polymorphism in all groups are shown in Table
2. Genotype distribution was in Hardy-Weinberg
equilibrium in both case and control groups
(p=0.21 and p=0.07, respectively), when only alle-
les 1 and 2 were considered; however the equilib-
rium was lacking in controls when calculated for all
genotypes (p=0.033). There was no significant dif-
ference in genotype distribution (p=0.07, Fisher’s
exact test) nor in allele frequencies between cases
and controls (p=0.08, Fisher’s exact test). IL-1 RA
allele frequencies did not differ in either SVD or
MVD from CAD-controls (p=0.09 and p=0.2,
respectively) in Fisher’s exact test. Similarly, there
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Table 1. Characteristics of case patients (CAD+) and con-
trol patients (CAD−).

CAD— (n=205) CAD+ (n=335)

Age (years) 56.6±11.8 59.5±9.4*
Male sex (%) 46.8 83.6†

Hypertension (%) 25.8 45.7†

Blood pressure – systolic (mmHg) 124.2±14.7 124.6±14.5
Blood pressure – diastolic (mmHg) 75.1±9.2 75.9±8.8
Diabetes (%) 3.9 12.8†

Total cholesterol (mg/dL) 202.9±45.3 218.4±44.1†

LDL cholesterol (mg/dL) 130.3±38.1 140.2±39.3 *
Triglycerides (mg/dL) 135.7±81.2 191.7±121.3†

HDL cholesterol (mg/dL) 46±14.8 41.6±11.6†

BMI (kg/m2) 25.2±4.1 26.9±3.8†

Blood glucose (mg/dL) 97.1±27.4 88.6±25.4†

Smoker (%) 24.9 53.1†*

*p<0.05, †p<0.001.



was no difference in genotype distribution in MVD
and controls (p=0.2). However, there was a differ-
ence in genotype distribution between patients
with SVD and MVD (p=0.024). Adjusting for the
multiple comparison we did not find any statisti-
cally significant difference between the groups
(Table 4). When we evaluated the relative effect of
the polymorphism on the risk of CAD in a multiple
logistic regression model, neither a model includ-
ing a dominant and a recessive term nor one with
a single co-dominant term yielded  statistically sig-
nificant differences (Table 5). Similarly, when we
considered subgroups based on number of diseased
vessels (CAD-, SVD, MVD) in the multiple logistic
regression model, we did not observe statistically
significant differences (data not shown).

IL-1β –511 C/T polymorphism and risk of CAD
The genotype and allele distribution of the –511

C/T promoter polymorphism of IL-1β gene are
shown in Table 3. Genotype distributions were in
Hardy-Weinberg equilibrium, both in cases
(p=0.48) and in controls (p=0.59). There was no
difference in genotype and allele distribution
between CAD+ and CAD− patients according to
either Fisher’s exact test (Table 3) or permutation
tests (Table 4).

Among CAD+ patients, no statistically significant
difference in genotype and allele distribution was
found between patients with SVD and those with
MVD (Tables 4 and 3).

As for IL-1 RA polymorphism, neither a model
including a dominant and a recessive term nor one
with a single codominant term was statistically
significant (Table 5).
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Table 2. Allele frequency and genotype distribution of  IL-1
RA polymorphism in patients with (CAD+) and without
(CAD–) and with single (SVD) or multivessel (MVD) disease.

CAD− CAD+ SVD MVD
(n=205) (n=335) (n=102) (n=233)

IL-1 RA

Allele 1 0.69 0.74 0.79 0.72
(0.65-0.74) (0.71-0.78) (0.73-0.84) (0.68-0.76)

Allele 2 0.26 0.23 0.19 0.25
(0.22-0.31) (0.20-0.26) (0.13-0.24) (0.21-0.29)

Allele 3 0.015 0.003 0.005 0.002
(0.007-0.032) (0.001-0.011) (0.001-0.028) (0.0004-0.012)

Allele 4 0.027 0.021 0.02 0.021
(0.011-0.042) (0.01-0.032) (0.001-0.039) (0.008-0.035)

p vs CAD- 0.08 0.09 0.2

IL-1 RA

11 103 (50.2) 191 (57.0) 69 (67.6) 122 (52.4)
12 66 (32.2) 107 (31.9) 21 (20.6) 86 (36.9)
22 20 (9.8) 21 (6.3) 7 (6.9) 14 (6.0)
13 3 (1.5) 0 (0) 0 (0) 0 (0)
14 10 (4.9) 9 (2.7) 2 (2.0) 7 (3.0)
23 1 (0.5) 2 (0.6) 1 (1.0) 1 (0.4)
24 1 (0.5) 5 (1.5) 2 (2.0) 3 (1.3)
33 1 (0.5) 0 (0) 0 (0) 0 (0)
p vs CAD- 0.07 0.04 0.2
p vs MVD 0.024

Genotypes are expressed as number of patients (proportion in % within brackets)
p values are from Fisher’s exact test.

Table 3. Allele frequency and genotype distribution of –511
C/T IL-1β polymorphism in patients with and without CAD
and with single (SVD) or multivessel (MVD) disease.

CAD− CAD+ SVD MVD
(n=205) (n=335) (n=102) (n=233)

IL-1β (-511)
Allele C 0.66 0.68 0.71 0.66

(0.61-0.70) (0.63-0.72) (0.65-0.77) (0.62-0.71)

Allele T 0.34 0.32 0.29 0.34
(0.3-0.39) (0.28-0.37) (0.23-0.35) (0.29-0.38)

p vs CAD— 0.51 0.20 0.89
p vs MVD 0.24

IL-1β (-511)
CC 90 (43.9) 151 (45.1) 49 (48.0) 102 (43.8)
CT 89 (43.4) 152 (45.4) 47 (46.1) 105 (45.1)
TT 26 (12.7) 32 (9.6) 6 (5.9) 26 (11.2)
p vs CAD— 0.53 0.19 0.87
p vs MVD 0.32

Genotypes are expressed as number of patients (proportion in % within brackets)
p values are from Fisher’s exact test.

Table 4. Comparison of allele frequencies of the polymor-
phisms in patients with and without CAD and with single
(SVD) or multivessel (MVD) disease (permutation model).

IL-1β (-511) Allele 2 vs No allele 2
Raw p Permutation p

CAD− vs CAD+ 0.46 0.72
CAD− vs SVD 0.2 0.38
CAD− vs MVD 0.83 0.96
SVD vs MVD 0.24 0.45

IL-1 RA Allele 2 vs No allele 2
Raw p Permutation p

CAD− vs CAD+ 0.28 0.51
CAD− vs SVD 0.04 0.10
CAD− vs MVD 0.82 0.96
SVD vs MVD 0.06 0.14

‘Raw p’ are from Fisher’s exact test without correction for multiple comparisons.
‘Permutation p’ are from permutation analysis adjusting for multiple
comparisons.



Combination of IL-1ββ –511 C/T and
IL-1 RA polymorphisms and risk of CAD

IL-1β (-511) and IL-1 RA intron 2 VNTR polymor-
phisms were in linkage disequilibrium in both cases
(D’= 0.32) and controls (D’=0.35, p<0.001 for both).

When terms for both polymorphisms were simul-
taneously included in a logistic regression model
with forced co-variates no additional effects met
the 0.025 significance level for entry into the mod-
el (stepwise selection procedure): residual χ2=2.16,
degrees of freedom= 4, p = 0.71 for dominant or
recessive effects, and residual χ2 =1.14, degrees of
freedom = 2, p = 0.57 for co-dominant effects
(Table 5). No statistically significant associations
were found testing for various combinations of
models of inheritance (dominant or recessive for
one polymorphism mixed with co-dominant effect
for the other), or for inclusion of terms for geno-
type-genotype interaction (data not shown).

Discussion

This study evaluated the potential role on the risk
of CAD of the IL-1 gene cluster polymorphisms, in
particular related to IL1-RA and IL-1β genes.

IL-1 RA binds to cellular interleukin-1 receptors,
without activating them and therefore acts as a
competitive inhibitor of interleukin-1.34 Recently,
the association of IL-1RA gene polymorphisms with
SVD  and risk of restenosis after coronary stenting
has been studied, with contrasting results.21,22 We
were not able to demonstrate any significant asso-
ciation between the IL-1 RA polymorphism and the
risk of CAD. This is in agreement with a recently
published large prospective study that showed no
association between IL-1 RA VNTR gene polymor-
phism and the risk of future MI24 and with our pre-
vious results on Italian patients with MI at young

age.23 Similarly to other studies21,22 a difference in
genotype distribution between SVD and MVD
groups was observed in our study using raw analy-
sis not taking into account adjustment for multi-
ple comparisons. To avoid reporting spurious asso-
ciations and results that occur by chance alone,
we performed additional tests dealing with the
problem of multiple comparisons. In such analysis
we did not confirm evidence of a significant asso-
ciation between IL-1 RA polymorphism and the risk
of SVD. Francis et al.21 associated the presence of
allele 2 of the IL-RA polymorphism with an
increased risk of SVD. Such an association was
found in an English population from Sheffield, but
was not confirmed in another from London.21

Moreover the definition of CAD was different, since
patients with coronary stenoses >30% were
included as cases. In our study, patients with a
stenosis exceeding 50% were considered as CAD+.
In contrast, Kastrati et al.,22 studying 1,850 patients,
reported a protective effect of allele 2 of IL-1 RA
(+ 2,018) exon 2 polymorphism on the incidence of
coronary re-stenosis after stenting. This polymor-
phism shows a high degree of linkage disequilibri-
um with the IL-1 RA VNTR polymorphism.35 The
allele 2 has been associated, although not consis-
tently, with higher plasma levels and higher mono-
cyte release of IL-RA.17,18,35 The inhibiting effect of
IL-RA on IL-1 activities could be responsible for a
slight reduction in the risk of developing SVD. In
MVD, in which the inflammatory stimulus is much
stronger and the pathogenetic mechanism is com-
plicated by many additional factors, the effect of
allele 2 might no longer be evident. Recently, it has
been shown that the enhancing effect of IL-1 RA
allele 2 on IL-1 RA plasma levels may require the
presence of the IL-1β (-511) allele T.18

Therefore a combined analysis of the two poly-
morphisms was performed, assessing the risk of both
CAD and SVD. We did not find any substantial dif-
ference in risk associated with the combined effect
of the two polymorphisms.

Furthermore, we did not find any risk for CAD
related to the IL-1β –511 C/T polymorphism. Indeed,
there were no differences in the frequencies of the
genotypes and alleles between cases and controls.
These results are in agreement with our preliminary
observations showing no difference in IL-β (-511)
polymorphism distribution according to the num-
ber of affected vessels in patients with premature
MI (unpublished data). In contrast, the polymor-
phism was associated with the risk of MI at young
age,36 which suggested a possible role of the IL-
1β–511 C/T polymorphism in the risk of thrombosis
rather than in development of arteriosclerosis.

Our study has some limitations. The use as a con-
trol group of patients who had a coronary angiog-
raphy test with a negative finding of arteriosclero-
sis may introduce some bias. Targeted polymor-

B. Vohnout et al.

58 Haematologica/journal of hematology vol. 88(01):January 2003

Table 5. A multiple logistic regression model for evaluating
the relative effects of the polymorphisms on the risk of CAD.

Polymorphism Model 1* Model 2#

β SE p β SD p

IL-1β (-511)
Dominant effect 0.02 0.23 0.93 0.02 0.30 0.94
Recessive effect -0.46 0.37 0.22 0.36 0.66 0.58
Co-dominant effect -0.14 0.17 0.41 0.14 0.23 0.54

IL-1 RA
Dominant effect -0.14 0.23 0.55 -0.12 0.37 0.74
Recessive effect -0.18 0.42 0.67 1.23 1.08 0.25
Co-dominant effect -0.15 0.17 0.37 0.24 0.28 0.39

*Model 1 means forced co-variates (age, sex, smoking habits, body mass index,
history of hypertension, diabetes or hyperlipidemia) and one polymorphism at
a time #Model 2 means forced co-variates (as in model 1) and the two
polymorphisms simultaneously included.
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phisms may be linked to each of the reasons for
which control patients underwent the coronarogra-
phy test. So we cannot generalize the results of this
study to all populations. Our study did not reach
sufficient power to assess a possibly slight influence
of the polymorphisms on the risk of CAD. Indeed, it
was powered to reveal differences of 75% between
CAD− and CAD+. Moreover, the IL-1 system is influ-
enced by other cytokines34 whose expression levels
may also be controlled at the DNA level, so the
observed effects could be attributable to interac-
tion of the IL-1 family with other cytokines and/or
their genes. Genetic association studies require cau-
tious consideration and replication. Heterogeneity in
the strength of an association is common even
within studies of seemingly similar populations,
which may differ in parameters that are not yet
known or in parameters that the original studies
have not considered.37 In conclusion, our study does
not provide sufficient evidence supporting associa-
tions between IL-1β –511 C/T and IL-1 RA intron 2
VNTR polymorphisms with the risk of CAD. Up to
now, the data available on this topic do not allow
conclusive considerations; more studies, on larger
cohorts of patients, are needed to confirm the
potential role of the IL-1 gene cluster polymor-
phisms in the risk of CAD.

References

1. Ross R. Atherosclerosis: an inflammatory disease. N Engl J
Med 1999;340:115-26.

2. Offner FA, Feichtinger H, Stadlmann S, Obrist P, Marth C,
Klinger P, et al. TGF-β synthesis in human peritoneal cells:
induction by IL-1. Am J Pathol 1996;148:1679-88.

3. Cozzolino F, Torcia M, Aldinucci D, Ziche M, Almerigogna F,
Bani D, et al. Interleukin 1 is an autocrine regulator of human
endothelial cell growth. Proc Natl Acad Sci USA 1990;
87:6487-91.

4. Bochner BS, Luscinskas FW, Gimbrone MA Jr, Newman W,
Sterbinsky SA, Derse-Anthony CP, et al. Adhesion of human
basophils, eosinophils, and neutrophils to interleukin-1 acti-
vated endothelial cells: contributions of endothelial cell
adhesion molecules. J Exp Med 1991;173:1553-7.

5. Gramse M, Breviario F, Pintucci G, Millet I, Dejana E, Van
Damme J, et al. Enhancement by interleukin-1 (IL-1) of plas-
minogen activator inhibitor (PA-I) activity in cultured human
endothelial cells. Biochem Biophys Res Commun 1986;139:
720-7.

6. Ng SB, Tan YH, Guy GR. Differential induction of the inter-
leukin-6 gene by tumor necrosis factor and interleukin-1. J
Biol Chem 1994;269:19021-7.

7. Haidaris PJ. Induction of fibrinogen biosynthesis and secre-
tion from cultured pulmonary epithelial cells. Blood 1997;
89:873-82.

8. Szalai AJ, van Ginkel FW, Dalrymple SA, Murray R, McGhee
JR, Volanakis JE. Testosterone and IL-6 requirements for
human C-reactive protein gene expression in transgenic
mice. J Immunol 1998;160:5294-9.

9. Wang A, Doyle M, Mark D. Quantitation of mRNA using the
polymerase chain reaction. Proc Natl Acad Sci USA 1989;
86:9717-21.

10. Galea J, Armstrong J, Gadsdon P, Holden H, Francis SE, Holt
CM. Interleukin-1β in coronary arteries of patients with
ischemic heart disease. Arterioscler Thromb Vasc Biol 1996;
16:1000-6.

11. Nicklin MJ, Weith A, Duff GW. A physical map of the region

encompassing the human interleukin-1 alpha, interleukin-
1 beta, and interleukin-1 receptor antagonist genes. Geno-
mics 1994;19:382-4.

12. Duff GW. Molecular genetics of cytokines: cytokines in
chronic inflammatory disease. In: Thompson A, editor. The
cytokine handbook. 2nd ed. London: Academic Press Ltd.;
1994. p. 21-30.

13. Di Giovine FS, Cork MJ, Crane A, Mee JB, Duff GW. Novel
genetic association of an IL-1β gene variation at +3953
with IL-1β protein production and psoriasis. Cytokine 1995;
7:606.

14. Kornman KS, Crane A, Wang HY, di Giovine FS, Newman MG,
Pirk FW, et al. The interleukin-1 genotype as a severity fac-
tor in adult periodontal disease. J Clin Periodontol 1997; 24:
72-7.

15. Pociot F, Molvig J, Wogensen L, Worsaae H, Nerup J. A TaqI
polymorphism in the human interleukin-1β (IL-1β) gene cor-
relates with IL-1 beta secretion in vitro. Eur J Clin Invest
1992;22:396-402.

16. Di Giovine FS, Takhsh E, Blakemore AI, Duff GW. Single base
polymorphism at -511 in the human interleukin-1 beta gene
(IL1β). Hum Mol Genet 1992;1:450.

17. Danis VA, Millington M, Hyland VJ, Grennan D. Cytokine pro-
duction by normal human monocytes: intersubject variation
and relationship to an IL-1 receptor antagonist (IL-1ra) gene
polymorphism. Clin Exp Immunol 1995;99:303-10.

18. Hurme M, Santtila S. IL-1 receptor antagonist (IL-1Ra) plas-
ma levels are co-ordinately regulated by both IL-1Ra and IL-
1β genes. Eur J Immunol 1998;28:2598-602.

19. Lennard AC. Interleukin-1 receptor antagonist. Crit Rev
Immunol 1995;15:77-105.

20. Dinarello CA. Interleukin-1 and interleukin-1 antagonism.
Blood 1991;77:1627-52.

21. Francis SE, Camp NJ, Dewberry RM, Gunn J, Syrris P, Carter
ND, et al. Interleukin-1 receptor antagonist gene polymor-
phism and coronary artery disease. Circulation 1999;99:861-
6.

22. Kastrati A, Koch W, Berger PB, Mehilli J, Stephenson K, Neu-
mann FJ, et al. Protective role against restenosis from an
interleukin-1 receptor antagonist gene polymorphism in
patients treated with coronary stenting. J Am Coll Cardiol
2000;36:2168-73.

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

24. Zee RYL, Lunze K, Lindpaintner K, Ridker PM. A prospective
evaluation of the interleukin-1 receptor antagonist intron 2
gene polymorphism and the risk of myocardial infarction.
Thromb Haemost 2001;86:1141-3.

25. Scanlon PJ, Faxon DP, Audet AM, Carabello B, Dehmer GJ,
Eagle KA, et al. ACC/AHA guidelines for coronary angiogra-
phy. A report of the American College of Cardiology/Amer-
ican Heart Association Task Force on practice guidelines
(Committee on Coronary Angiography). Developed in col-
laboration with the Society for Cardiac Angiography and
Interventions. J Am Coll Cardiol 1999;33:1756-1824.

26. Department of Health, Education and Welfare. Lipid and
lipoprotein analysis. In: Manual of laboratory operations:
Lipid Research Clinics Program. Washington, DC: Depart-
ment Health, Education and Welfare;1984. Publication
NIH/F5-628.

27. Clay FE, Cork MJ, Tarlow JK, Blakemore AIF, Harrington CI,
Lewis F, Duff GW. Interleukin 1 receptor antagonist gene
polymorphism association with lichen sclerosis. Hum Genet
1994;94:407-10.

28. Guo SW, Thompson EA. Performing the exact test of Hardy-
Weinberg proportion for multiple alleles. Biometrics 1992;
48:361-72.

29. Terwilliger JD, Ott J. Handbook of human genetic linkage.
Baltimore: John Hopkins University Press;1994. p. 278-9.

30. Hoh J, Wille A, Ott J. Trimming, weighting, and grouping
SNPs in human case-control association studies. Genome
Res 2001;11:2115-9.

31. Cordell HJ, Clayton DG. A unified stepwise regression pro-
cedure for evaluating the relative effects of polymorphisms



B. Vohnout et al.

60 Haematologica/journal of hematology vol. 88(01):January 2003

within a gene using case/control or family data: application
to HLA in type 1 diabetes. Am J Hum Genet 2002;70:124-
41.

32. Schaid DJ. General score tests for associations of genetic
markers with disease using cases and their parents. Genet
Epidemiol 1996;13:423-49.

33. SAS Institute Inc. SAS/STAT User Guide, Version 8.2 for WIN-
DOWS. Cary, NC: SAS Institute Inc. 1989.

34. Dinarello CA. Biologic basis for interleukin-1 in disease.
Blood 1996;87:2095-147.

35. Clay FE, Tarlow JK, Cork MJ, Crane AM, Lewis F, Harrington

CI, et al. Novel interleukin-1 receptor antagonist exon poly-
morphisms and their use in allele-specific mRNA assess-
ment. Hum Genet 1996;97:723-6.

36. Iacoviello L, Gattone M, Di Castelnuovo A, D’Orazio A, Sof-
fiantino F, Colombo M, et al. Polymorphism of interleukin 1-
β gene and risk of premature myocardial infarction. Thromb
Haemost 1999;Suppl:689.

37. Ioannidis JPA, Ntzani E, Trikalinos T, Contopoulos-Ioannidis
DG. Replication validity of genetic association studies. Nat
Genet 2001;29:306-9.

Pre-publication Report & Outcomes of
Peer Review

Contributions
BV: analysis and interpretation of data and draft-

ing of the manuscript; ADC: analysis and interpreta-
tion of data and critical revision; RT: conception and
design of the study; AD: analysis and interpretation
of data; GP: conception and design of the study; MA:
analysis and interpretation of data; MBD: critical
revision, gave the final approval of the manuscript;
MA: conception and design of the study; LI: concep-
tion and design, interpretation of data, drafting of the
manuscript and gave the final approval. The authors
thank Dr. Giovanni de Gaetano, Catholic University,
Campobasso, for his useful suggestions and Ms
Alexandra Cianci who helped prepare the manuscript.
They are also particularly indebted to the cardiolo-
gists of the Department of Cardiosurgery of the Uni-
versity of Rome “La Sapienza” for allowing them to
study their patients. Primary responsibility for the
paper: LI; primary responsibility for tables 1-5: LI.

Funding
BV is the recipient of a Marie Curie Individual Fel-

lowship (HPMF-CT-1999-00099). This work was sup-
ported by grants from Telethon (Rome, Italy), contract
n. E.1005. and the Italian Ministry of Health (to L.I.)
and by grant ICS 120.4/RF99.11 from the Ministry of
Health (to M.A.).

Disclosures
Conflict of interest: none.
Redundant publications: no substantial overlap-

ping with previous papers.

Manuscript processing
This manuscript was peer-reviewed by two exter-

nal referees and by Professor Steven S. Witkin, who
acted as an Associate Editor. The final decision to
accept this paper for publication was taken jointly by
Professor Witkin and the Editors. Manuscript received
September 3, 2002; accepted November 7, 2002. In
the following paragraphs, professor Witkin summa-
rizes the peer-review process and its outcomes.

What is already known on this topic
The interleukin-1 system plays a pivotal role in the

regulation of inflammation. It is perhaps not surpris-
ing, therefore, that associations between polymor-
phisms in the genes coding for IL-1b and IL-1RA and
a large number of different disease states have been
reported. The evidence appears to be most consis-
tent for chronic inflammatory disorders. Investiga-
tions relating polymorphisms in these two genes to
atherosclerotic changes have yielded inconsistent
results.

What this study adds
The present study should serve as a model on how

to conduct gene  polymorphism research studies. The
statistical analysis of the data is comprehensive and
other variables that may influence outcome — poly-
morphisms in other identified or unidentified genes,
population and ethnic variability, use of adequate
control groups — are succinctly delineated.

Caveats
Although a control group of individuals who did

not undergo angiography is lacking, the distribution
of the IL-1b and IL-1RA alleles in the controls that
were utilized parallel that seen in other populations.
The results demonstrate, therefore, that the -511IL-
1b and IL-1RA polymorphisms do not have a major
influence on the risk of coronary artery disease. The
influence of gene polymorphisms on inflammatory
events are difficult to interpret conclusively since
what is important for the disease is increased pro-
duction of pro-inflammatory mediators at a specific
localized site, and not necessarily a systemic-wide
elevation in cytokine levels. Publication of compre-
hensive studies that show negative results is essen-
tial in providing the reader with a balanced analysis
of the field.




