
INTRODUCTION

Polymorphic gene sequences of certain cytokines could be poten-
tial markers of susceptibility and clinical outcome in different
human infectious diseases [1–3]. Genetic variations of TNF-a and
TNF-b genes have been associated with fatal outcome in patients
with severe sepsis [4] and septic shock [5]. Polymorphisms of the
genes of the IL-1 complex have been scarcely evaluated in sepsis,
and limited conclusions are available so far [6]. In one single study
[7], association between the polymorphic region within intron 2
of the IL-1Ra (IL-1RN*) gene and susceptibility to suffer severe
sepsis, but not disease outcome, was found; nevertheless, authors
did not evaluate the functional significance of such association in
terms of cytokine production by blood cells. This is a very inter-
esting issue according to recent findings of our group revealing
that, apart from nuclear factor kB (NF-kB) activation, the IL-1Ra
production was the only cytokine whose plasma levels were of
value in predicting mortality in patients with sepsis [8].

The polymorphic region within intron 2 of the IL-1RN* gene
contains a variable numbers of tandem repeats (VNTR) of 86 bp
(see Fig. 1a); five alleles of the IL-1RN* have been reported (*1
to *5), corresponding to 2, 3, 4, 5 and 6 copies of the 86-bp
sequence, respectively [9]; the most frequent allele was designated
as *1. Since three potential protein-binding sites are located in the
86-bp sequence, it is likely that the number of repeats may influ-
ence gene transcription and protein synthesis. It was reported that
IL-1Ra plasma levels are coordinately regulated by both IL-1RN*
and IL-1b genes [10], and that in vitro activated peripheral blood
mononuclear cells (PBMCs) from healthy IL-1RN*2 allele carri-
ers produce higher levels of IL-1Ra than the noncarriers [11], 
but these observations should be confirmed in different ethnic
populations.

To our knowledge, no study has evaluated the genetic
interindividual differences in the production of IL-1Ra after
various stimuli in patients with sepsis. We performed a case-
control study in patients with severe sepsis and ethnically
matched healthy subjects to determine the influence of IL-1RN*
polymorphism on mortality, and to assess the functional signifi-
cance of this polymorphism by correlating ex vivo IL-1Ra 
production with IL-1RN* genotypes.
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SUMMARY

This study aims to determine the influence of the polymorphism within the intron 2 of the interleukin-
1 receptor antagonist gene (IL-1RN*) on the outcome of severe sepsis, and to assess its functional 
significance by correlating this polymorphism with the total production of interleukin-1 receptor antag-
onist (IL-1Ra) protein determined in stimulated peripheral blood mononuclear cells (PBMC). A group
of 78 patients with severe sepsis (51 survivors and 27 nonsurvivors) was compared with a healthy control
group of 130 blood donors, and 56 patients with uncomplicated pneumonia. We found a significant asso-
ciation between IL-1RN* polymorphism and survival. Thus, after adjusting for age and APACHE II
score, multiple logistic regression analysis showed that patients homozygotes for the allele *2 had a
6·47-fold increased risk of death (95% CI 1·01–41·47, P = 0·04). Besides, compared with patients
homozygous or heterozygous for the allele *1, IL-1RN*2 homozygotes produced significantly lower
levels of IL-1Ra from their PBMC. Our results suggest that insufficient production of this cytokine
might contribute, among other factors, to the higher mortality rate found in severe sepsis patients with
the IL-1RN*2 homozygous genotype.
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MATERIALS AND METHODS

Patients
From an original cohort of 200 critically ill patients diagnosed
with sepsis, consecutively admitted to the Intensive Care Unit
(ICU) over a 15-month period, 78 patients fulfilled the consensus
criteria for the definition of severe sepsis (ACCP/SCCM Con-
sensus Conference) [12], and they form the basis of the study. The
time between admission and inclusion in the study varied from 
1 to 12 days (median, 5 days). Written informed consent was
obtained from patients or their relatives, and the study was
approved by the local ethics committee. Severity of illness was
assessed on enrolment using the Acute Physiologic and Chronic
Health Evaluation (APACHE II) [13], and the individual pre-
dicted mortality by converting the score into probability of death
using logistic regression [14]. Primary sites of infection were com-

plicated pneumonia (32 patients), abdominal abscesses (17
patients), and infections of either cutaneous (n = 11), biliary tract
(n = 7), urinary tract (n = 8), or neurological origin (n = 2). In all
patients, empirical antibiotic treatment was judged adequate. 
The exclusion criteria were: undrained source of surgical sepsis,
malignancy and chronic diseases, treatment with steroids or
immunosuppressive drugs, liver dysfunction, renal insufficiency,
AIDS and gestation. Patients were followed for 30 days after
inclusion. To compare the genotype distribution and allele fre-
quencies in patients with severe sepsis, a group of 56 patients with
a community-acquired pneumonia admitted to the Internal Med-
icine Service who did not met sepsis criteria served as reference.
Also 130 healthy unrelated blood donor subjects (control group)
were included. All patients and control subjects were of Spanish
Caucasian origin and resident in the Madrid region; none of them
had known Jewish ancestry. For all patients, blood samples were
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Fig. 1. Interleukin-1 receptor antagonist genotypes. (a) Scheme of the IL-1RN* polymorphism; variable number of tandem repeats
(VNTR) for each allele are indicated in box. (b) Agarose gel (2%) displaying IL-1RN* genotypes in 19 healthy controls: homozygotes *1/1
(lanes 1, 3, 4, 6 and 9); homozygotes *2/2 (lanes 8, 13 and 18); heterozygotes *1/5 (lane 2); heterozygotes *1/2 (lanes 5, 7, 11, 12, 14, 15, 16
and 17 and 19); heterozygotes *2/5 (lane 10). M = base pair marker.
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taken on entry into the study, that is at the time of systolic
hypotension, and every 6 h thereafter for 24 h. A single blood
sample was obtained from each control subject and patient with
pneumonia.

Genotyping of subjects for the IL-1RN* polymorphism
Genomic DNA was extracted by standard methods using the
Genomic Blood DNA Purification Kit (Amershan Pharmacia
Biotech). Genotyping was performed by a polymerase chain re-
action (PCR)-based method with our own modifications [15].
Briefly, 2 ng of DNA was used as template in 25 ml of PCR re-
action; the reaction sample contains 2·5 units of Biotools DNA 
Polymerase (Biotools B & M Laboratories, S.A., Spain), dNTPs
and oligonucleotides specific for framework sequences flanking
the polymorphic region of exon 2. Primers were synthesized 
by Isogen (Isogen Bioscience BV, Maarseen, The Netherlands):
sense 5¢-CTCAGCAACACTCCTAT-3¢, and antisense 5¢-TCCT
GGTCTG-CAGGTAA-3¢. The PCR conditions consist in the
initial denaturation at 94°C for 3 min, followed by 30 cycles 
of 94°C for 30 s, 56°C for 30 s and 72°C for 30 s, and final exten-
sion at 72°C for 5 min. Resulting PCR products of 410 bp (IL-
1RN*1, four repeats), 240 bp (IL-1RN*2, two repeats), 500 bp
(IL-1RN*3, five repeats), 325 bp (IL-1RN*4, three repeats) 
and 595 bp (IL-1RN*5, six repeats) were run on 2% agarose 
gels stained with ethidium bromide (0·1%) to reveal the 
alleles present. A molecular ladder of 100 bp (Gibco/BRL, Life
Technologies SA, Spain) was used to estimate the size of the 
PCR fragments (Fig. 1b).

Ex vivo cytokine production from stimulated PBMC
Cells from 30 healthy controls and 78 patients with severe sepsis
were used for evaluating cytokine production, according to our
own protocol [16]. Briefly, cells were cultured at a concentration
of 2·0 ¥ 106 cells/ml, and incubated during 18 h in RPMI 1640
medium supplemented with 2% penicillin-streptomycin, 5% L-
glutamine and 2% AB serum (Gibco, Grand Island, NY), at 37°C
under 5% CO2 humidified air, in the presence or absence of either
lipopolysaccharide (LPS from E. coli serotype 055:B5, Sigma

Chem. Co., St. Louis, MO) or a combination of LPS plus IL-4
(both at a concentration of 25 mg/ml). After incubation, with or
without stimulation, cells were counted in a Neubauer chamber,
being the cell viability higher than 95%. The supernatants were
collected and frozen at –70°C.

Cytokine assay
ELISA-kits were used for measurements of IL-1b (Medgenix
Diagnostics™, Fleurus, Belgium) and IL-1Ra (Quantikine™, 
R & D systems, Minneapolis, Minn, USA) in plasma and in the
supernatants of stimulated or nonstimulated PBMC. The detec-
tion limit of the assays was 20 pg/ml (IL-1b) and 250 pg/ml 
(IL-1Ra). Both assays presented an interassay and intra-assay 
CV lower than 9·2% and 5·1%, respectively.

Statistical analysis
Allele and genotype frequencies were compared by C2 test. Vari-
ables were tested for their association with mortality using a 
C2 test for categorical data, and the Mann–Whitney U-test for
numerical data. Genotype frequencies in patients and controls
were not significantly different from those predicted under
Hardy–Weinberg equilibrium (Linkage Utility programs pro-
vided by Dr Jurg Ott, Laboratory of Statistical Genetics, Rocke-
feller University, NY). The strength of association between
genotypes and outcome was expressed by the Odds ratios (OR).
Comparison between expected and observed mortality was made
by the Poisson distribution. A multiple logistic regression model
including age, IL-1RN* genotypes, and the APACHE II-derived
probability of dying was used to determine the risk of mortality
of patients homozygous for IL-1RN*2.

RESULTS

The allele frequencies and genotype distributions in the study
population are shown in Table 1. No significant difference in the
IL-1RN* allele frequency or genotype distribution was seen
between patients with severe sepsis, patients with uncomplicated
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Table 1. Demographic data, IL-1RN* genotypes and allele frequencies in the study population

Healthy donors Pneumonia patients Severe sepsis patients
(n = 130) (n = 56) (n = 78) P

Gender (M/F) 65/65 28/27 40/38 NS
Age (years) 48 ± 19 (29–65) 58 ± 16 (32–70) 54 ± 13 (36–74) NS
IL-1RN* genotypes

1/1 60 (46) 24 (43) 32 (41) NS
1/2 54 (42) 26 (46) 33 (42)
2/2 12 (9) 5 (9) 13 (17)
1/5 3 (2) 1 (2) 0
2/5 1 (1) 0 0

IL-1RN* alleles
Allele 1 177 (68) 75 (67) 97 (62) NS
Allele 2 79 (30) 36 (32) 59 (38)
Allele 5 4 (2) 1 (1) 0

Age is mean ± s.d. (extreme values). Genotype and allele frequencies are expressed as absolute
numbers, with relative values, expressed as percentage, in parentheses. Statistical analysis of the geno-
type and allele frequencies were done by chi-square test. NS = not significant.
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pneumonia or healthy control volunteers (Pearson x2 = 2·1 and
2·4, respectively, P = NS).

The observed mortality rate of 34·6% (27/78 patients did not
survive) was in agreement with the predicted risk of death
(37·2%) based on the APACHE II score [14]. The clinical char-
acteristics of the survivors and nonsurvivors patients, genotype,
allele frequencies and average serial of cytokine concentrations
in plasma over the first 24 h are compared in Table 2. The mean
age and APACHE II scores were significantly higher, and plasma
IL-1Ra concentrations were lower in patients who died. The
apparent severity of illness at the time of admission, expressed as
mean APACHE II score, was comparable in the three genotypic
groups (20·7 ± 2·1 for allele 2 homozygotes, 20·2 ± 2·4 for het-
erozygotes, and 20·5 ± 1·9 for allele 1 homozygotes, P > 0·05). In
contrast, a significant association between the genotype *2/2 with
poor prognosis was found (Table 2). Patients with the homozy-
gous genotype IL-1RN*2 had significantly higher mortality rate
than those carrying other genotypes (77% versus 27% for *1/2
heterozygotes and 25% for *1/1 homozygotes, respectively; P =
0·001, x2 = 12·4). When compared with patients carrying at least
one IL-1RN*1 allele (*1/1 homozygous and *1/2 heterozygous
genotype), the IL-1RN*2 homozygous genotype was associated
with mortality with an OR of 9·41 (P = 0·002; 1 d.f., C2 = 12·37;
95% CI 2·31–38·31). To find out whether homozygous genotype
IL-1RN*2 might be an independent predictor of mortality, a mul-
tiple logistic regression model was performed. After adjusting 
for age and APACHE II score, patients homozygotes for IL-
1RN*2 had a 6·47-fold increased risk of death (OR 6·47, 95% CI
1·01–41·47, 1 d.f., P = 0·04).

Table 3 summarizes plasma levels of IL-1Ra, as well as the
PBMC IL-1Ra and IL-1b production, in 30 healthy subjects and
in all patients with sepsis, according to their genotypes and clini-
cal outcome. No significant association between IL-1RN* poly-
morphism and plasma IL-1Ra levels was found in healthy
individuals and patients with sepsis. In contrast, the ex vivo pro-
duction of IL-1Ra from LPS-stimulated PBMC was closely

related to the IL-1RN* alleles. Thus, healthy subjects carrying one
or two copies of IL-1RN*1 (genotypes 1/1 and 1/2) had signifi-
cantly higher production of IL-1Ra, in both unstimulated and
stimulated culture conditions, compared with those homozygous
for IL-1RN*2. Similarly, patients with the allele *1 (genotypes 1/1
and 1/2), produced 1·8-fold higher levels of IL-1Ra in unstimu-
lated PBMC, and 3·1-fold higher after stimulation with LPS, 
compared with patients homozygous for IL-1RN*2. Regarding
the patient’s outcome, production of IL-1Ra in survivors were 
1·5-fold higher in unstimulated cells, and 2·7-fold higher after
stimulation with LPS (P < 0·01 versus nonsurvivors). In contrast,
no significant association of allele or genotype distribution of 
IL-1RN* with production of IL-1b in PBMC was detected either
in healthy subjects or in patients with severe sepsis.

DISCUSSION

This study reveals, for the first time, to our knowledge, that
homozygosity for allele 2 of the IL-1RN* is strongly associated
with a decreased production of IL-1Ra from culture of PBMC 
in patients with severe sepsis, and appears to be an independent
risk factor for mortality. For identical age and rank of APACHE
II score, patients with genotype *2/2 had a 6·47-fold increased 
risk of death. However, the interesting findings reported here
should be interpreted cautiously since they are observational 
and provide no direct cause-and-effect relationship between 
the gene polymorphism studied and the poor clinical outcome
observed.

A predisposition to develop severe sepsis, but not a worse
prognosis, was linked to the IL-1RN*2 allele in a cohort of
patients living in Germany [7], though the possible functional
implication of such an association was not explored. In contrast,
the current study shows no difference, either in allele frequency
or genotype distribution for the IL-1RN* polymorphism between
patients with severe sepsis and the two comparative groups, that
is patients with uncomplicated pneumonia and healthy volun-
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Table 2. Characteristics of the severe sepsis group

Severe sepsis patients Non-survivors Survivors
(n = 78) (n = 27) (n = 51) P

Gender (M/F) 40/38 13/14 27/24 NS
Age, mean ± s.d. (range) 53·6 ± 9·6 (27–74) 59·3 ± 6·9 (45–74) 50·6 ± 9·4 (27–73) < 0·001a

APACHE II score, mean ± s.d. (range) 20·4 ± 2·2 (16–25) 21·9 ± 2·1 (16–25) 18·5 ± 1·7 (16–23) < 0·001a

Positive blood culture/local culture, no. 32/46 12/15 20/31 NS
Gram-negative/Gram-positive bacteria, no 29/38 10/14 19/24 NS
Mixed flora, no. (%), 11 3 8
Plasma IL-1b (pg/ml) 41 (0–110) 52 (0–110) 36 (0–88) NS
Plasma IL-1Ra (ng/ml) 1·6 (0·7–3·6) 1·3 (0·7–1·9) 1·8 (1·0–3·6) < 0·001a

IL-1RN* genotypes
*1/1 32 (41) 8 (30) 24 (47) < 0·002b

*1/2 33 (42) 9 (33) 24 (47)
*2/2 13 (17) 10 (37)c 3 (6)

IL-1RN* Alleles
Allele 1 97 (62) 25 (46) 59 (71) NS
Allele 2 59 (38) 29 (54) 30 (29)

Plasma cytokine values are geometric mean (and range) of the 4 blood samples drawn during the first day. Genotype and allele frequencies are shown
as absolute values, with relative values, expressed as percentage, in parentheses. aComparison by Mann–Whitney U-test; bcomparison by C2 test; crelative
risk of mortality for IL-1RN *2/2 carriers is 9·4, P £ 0·002, C2 = 12·4; 95% CI: 2·31–38·1. NS = not significant.
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teers. Therefore, the possibility that the IL-1RN* polymorphism
may cause a predisposition to sepsis in our ethnic group (Spanish-
based white-Caucasian population) can be ruled out. This appar-
ent discrepancy could be explained by differences in clinical
conditions between patients in both series, and by ethnic differ-
ences in linkage of this particular cytokine gene polymorphism to
disease severity, which has been reported in other diseases such
as systemic lupus erythematosus [17,18] and ulcerative colitis
[19,20].

We chose to look at the functional significance of the IL-1RN*
polymorphism by correlating plasma IL-1Ra levels, and the
ability of PBMC to produce IL-1b and IL-1Ra with IL-1RN*
genotype. Whereas plasma IL-1Ra concentrations did not relate
to any genotype, carriage of the IL-1RN* 2/2 genotype was asso-
ciated with a decreased production of IL-1Ra from PBMC in
patients with severe sepsis and ethnically matched healthy con-
trols. Since the initial severity of illness, measured as APACHE II
score at the time of admission, was similar in the three genotyped
groups, it seems unlikely that the extent of systemic inflammation
and monocyte deactivation might lead to a depression of the
PBMC function in patients with severe sepsis, independent from
the carriage of IL-1RN*2. Therefore, despite only 13 patients with
the genotype 2/2 being enroled in this study, our data suggest that
a genetic polymorphism in the IL-1RN* may contribute to the 
difference observed in IL-1Ra production capacity. In fact, our
results are in line with a previous study reporting that production
of IL-1Ra by the colonic mucosa was reduced in patients with
ulcerative colitis with at least one copy of the allele 2 of IL-1RN*
[21], but differ from those in other study [11] showing that 
carriage of the allele 2 was related to a high in vivo secretion of
IL-1Ra in healthy white subjects from Australia. One possible
explanation for that is, not only the different ethnic background
of these populations, but also the fact that different cell prepara-
tion techniques and stimuli to elicit IL-1Ra release from PBMC

were used in the two studies and might have resulted in different
responses.

These results also indicate that IL-1Ra and IL-1b production
have different genetic regulation since there was no association
of IL-1RN* alleles with the PBMC release of IL-1b. The mecha-
nism by which the IL-1RN* polymorphism, which lies in the non-
codified nucleotide sequence of the cytokine gene, influences
IL-1Ra production is unknown. There is evidence from in vitro
studies that transcription or messenger RNA stability of IL-1Ra
does not appear to be affected by carriage of allele 2 of IL-1RN*
[22]. Nevertheless, it cannot be ruled out that the genotype 2/2 is
not responsible for IL-1Ra secretion but is in linkage disequili-
brium with another DNA variation, yet undiscovered, within the
structural part of the IL-1RN* that regulates the transcription and
directly influences IL-1Ra protein synthesis by PBMC.

In conclusion, the present work provides evidence that
homozygosity of the IL-1RN*2 is associated with a decreased pro-
duction of IL-1Ra in PBMC and higher mortality risk during
severe sepsis. These findings are consistent with the hypothesis
that individuals producing lower amounts of IL-1Ra are afforded
a lower level of protection against fatal outcome than subjects
producing higher levels. Hence, although reproducibility of our
findings in other cohorts of patients of different ethnicity will be
necessary, these results suggest that genotyping data offer a better
risk assessment of patients with severe sepsis when they are
assigned to study protocols for anti-inflammatory treatments.
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Table 3. Plasma levels and ex vivo cytokine production from PBMC related to IL-1RN* genotypes in healthy subjects and patients with severe sepsis.
Cytokine production according to desease outcome in severe sepsis was also shown

Healthy blood donors Severe sepsis patients Severe sepsis patients
Genotype distribution Genotype distribution Clinical outcome

(*1/1, *1/2) *2/2 (*1/1, *1/2) *2/2 Survivors Non-survivors
(n = 19) (n = 11) (n = 65) (n = 13) (n = 51) (n = 27)

Plasma IL-1Ra (ng/ml) 0·3 ± 0·1 0·4 ± 0·2 1·7 ± 0·5 1·4 ± 0·4 1·8 ± 0·5 1·3 ± 0·2§
(0·1 – 0·5) (0·1 – 0·6) (0·8 – 2·6) (0·7 – 2·8) (1·0 – 2·6) (0·7 – 1·9)

IL-1Ra production (ng/106 cells)
Non-stimulated 2·1 ± 0·5 1·7 ± 0·4* 4·3 ± 0·5 2·4 ± 0·4* 4·1 ± 0·5 2·8 ± 0·5‡

(0·8 – 3·4) (0·8 – 3·1) (3·4 – 5·5) (1·8 – 3·0) (3·1 – 5·3) (1·8 – 3·7)
LPS induced 7·2 ± 0·6 3·1 ± 0·5** 12·8 ± 1·0 4·1 ± 0·6† 12·2 ± 1·1 4·5 ± 0·7§

(5·7 – 8·9) (1.8 – 4·4) (10·5 – 14·7) (2·9 – 5·5) (9·8 – 14·6) (3·0 – 6·2)
LPS + IL-4 induced 8·1 ± 0·5 3·8 ± 0·6** 16·9 ± 1·2 5·0 ± 0·7† 16·2 ± 1·4 5·2 ± 0·6§

(6·8 – 10·3) (2·3 – 5·6) (14·5 – 19·8) (3·4 – 7·0) (13·1 – 19·2) (3·8 – 6·9)
IL-1b production (ng/106 cells)
Non-stimulated 0·04 ± 0·01 0·05 ± 0·02 0·22 ± 0·16 0·36 ± 0·20 0·38 ± 0·20 0·45 ± 0·25
LPS induced 0·05 ± 0·02 0·07 ± 0·03 0·45 ± 0·22 0·58 ± 0·35 0·55 ± 0·30 0·40 ± 0·25
LPS + IL-4 induced 0·05 ± 0·02 0·06 ± 0·04 0·55 ± 0·30 0·61 ± 0·26 0·65 ± 0·35 0·60 ± 0·30

Values of cytokines are mean ± s.d.; in brackets the 95% confidence intervals of IL-1Ra values. *P £ 0·01, and **P £ 0·001 between healthy blood
donors in each group; †P £ 0·001 between severe sepsis patients in each genotypic group; ‡P £ 0·01 and §P £ 0·001 between survivors and nonsurvivors.
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