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 Ř ŽŮ Ě
Ř

 

Members of the interleukin-1 (IL-1) family are implicated in the

 

pathogenesis of sarcoidosis and idiopathic pulmonary fibrosis (IPF).
We have, therefore, performed a case–control study to investigate
a plausible association between sarcoidosis and the polymor-
phisms in the IL-1

 

�

 

, IL-1

 

�

 

, and IL-1 receptor antagonist (IL-1Ra)
genes. Further, as a separate question, we explored whether the
aforementioned genes of the IL-1 cluster are associated with IPF.
Using PCR with sequence-specific primers, IL-1

 

�

 

 

 

�

 

889, IL-1

 

�

 

 

 

�

 

511,

 

IL-1

 

�

 

 

 

�

 

3953, and IL-1Ra intron 2 VNTR polymorphisms were deter-
mined in 348 white subjects of West Slavonic ancestry (95 patients

 

with sarcoidosis, 54 patients with IPF, and 199 healthy control sub-
jects). The IL-1

 

�

 

 

 

�

 

889 1.1 genotype was significantly overrepre-

 

sented in patients with sarcoidosis in comparison with control sub-

 

jects (60.0 versus 44.2%, p 

 

�

 

 0.012, p

 

corr

 

 

 

�

 

 0.047). The distribution
of IL-1

 

�

 

 

 

�

 

511, IL-1

 

�

 

 

 

�

 

3953, and IL-1Ra VNTR genotypes and al-
leles did not significantly differ between the cases and controls.
No association between IPF and the investigated polymorphisms
was found. Strong linkage disequilibrium between pairs of poly-
morphic loci was observed. Further population studies are war-

 

ranted to confirm the observed association between sarcoidosis and
the IL-1

 

�

 

 polymorphism and also to explore mechanisms of IL-1

 

�

�

 

889 participation in aberrant immune response in sarcoidosis.
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Sarcoidosis and idiopathic pulmonary fibrosis (IPF) represent
the most frequently occurring diffuse lung diseases with multi-
factorial etiology, which likely develop in genetically predis-
posed individuals in response to environmental triggers (1, 2).
Observed differences in clinical presentation and severity of
sarcoidosis between racial and ethnic groups, together with fa-
milial clustering in both diseases, favor a significant hereditary
predisposition to these disorders. Because sarcoidosis and IPF
are not inherited in a simple Mendelian pattern, multiple ge-
netic loci are likely to be involved.

Interleukin-1 (IL-1) is a cytokine with proinflammatory and
fibrogenic effects. The most important members of the IL-1
family are the agonists IL-1

 

�

 

, IL-1

 

�

 

, and their naturally occur-
ring inhibitor, IL-1 receptor antagonist (IL-1Ra) (3). Genes
encoding IL-1

 

�

 

, IL-1

 

�

 

, and IL-1Ra are clustered on chromo-
some 2q13–21 (4). Biallelic polymorphisms at positions IL-1

 

�
�

 

889, IL-1

 

�

 

 

 

�

 

511, and IL-1

 

�

 

 

 

�

 

3953 have been described, all
representing a C/T single nucleotide polymorphism (SNP) (5–
7). The IL-1Ra gene (IL-1RN) contains an 86-bp variable
number tandem repeat (VNTR) polymorphism in intron 2 (8).
Within the IL-1 gene cluster linkage disequilibrium between
the polymorphic markers has been observed (9, 10).

These polymorphisms are located within the regulatory re-
gions of the genes and are, therefore, of potential functional
importance by modulating IL-1 protein production. IL-1 is
known to be one of the pivotal mediators participating in ab-
errant immune responses in diffuse lung diseases. In sarcoido-
sis, alveolar macrophages release higher amounts of IL-1

 

�

 

,
which are accompanied by lower IL-1Ra production (11). A

 

decreased IL-1Ra:IL-1

 

�

 

 ratio in bronchoalveolar lavage (BAL)
fluid appears to be a prognostic marker related to the persis-
tence of granulomatous lesions (12). In acute pulmonary fi-
brotic changes, IL-1 participates in initial processes leading to
the extensive deposition of intercellular matrix and tissue re-
modeling, regardless of the etiology of the disorder (13).

In previous studies, the IL-1 gene cluster containing the
“candidate genes” of sarcoidosis and also IPF has been impli-
cated in genetic susceptibility to both diseases: sarcoidosis has
been associated with a polymorphic marker in the IL-1

 

�

 

 gene,
and IPF with an IL-1RN 

 

�

 

2018 single base variation, which is
totally linked to the IL-1RN VNTR (9, 14, 15). Therefore, we
have, in a case–control study, investigated whether the poly-
morphisms in the genes for IL-1

 

�

 

, IL-1

 

�

 

, and IL-1Ra are asso-
ciated with sarcoidosis. We have also explored whether these
genes of the IL-1 gene cluster are associated with IPF.

 

METHODS

 

Subjects

 

Enrolled in the study were 199 healthy control subjects, 95 patients
with sarcoidosis, and 54 patients with IPF (Table 1). All subjects were
unrelated, white, and of West Slavonic ancestry living in the Czech
Republic.

In patients with sarcoidosis the diagnosis and extent of disease
have been determined on the basis of typical clinical, radiological, and
laboratory criteria, together with the finding of noncaseating granulo-
mas in biopsy specimens (16). The diagnosis was supported by a

 

CD4

 

�

 

 lymphocytic BAL.
The diagnosis of IPF was based on the criteria according to the

ATS/ERS International Consensus Statement (17): typical clinical
features and abnormalities on chest high-resolution computed tomog-
raphy (HRCT) scans, abnormal lung function tests with reduced dif-
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fusing capacity of the lung for CO (D

 

LCO

 

) and/or restrictive pulmo-
nary deficit, exclusion of other known causes of interstitial lung
disease (ILD), and confirmatory surgical biopsy (in 33 of 54 patients).
In 21 individuals without surgical biopsy the bronchoalveolar lavage
or transbronchial lung biopsy excluded other diagnoses.

The control population consisted of participants of the Czech
Bone Marrow Donor Registry. Presence of any lung disease in the
control subjects was excluded by health questionnaire and interview.
The study was performed with the approval of the Ethics Committee
of the Medical Faculty and University Hospital Olomouc.

 

Genetic Analysis

 

DNA was extracted from peripheral blood by the salting-out method

 

(18). The polymorphic regions of the IL-1

 

�

 

, IL-1

 

�

 

, and IL-1Ra genes
were amplified by polymerase chain reaction with sequence-specific
primers (PCR-SSP). The PCR products were analyzed on 2% agarose
gel stained with ethidium bromide. The detailed characteristics of par-
ticular polymorphisms and the primer sequences are reported in Ta-
ble 2. For genotyping of each SNP IL-1

 

�

 

 

 

�

 

889, IL-1

 

�

 

 

 

�

 

511, and IL-
1

 

�

 

 

 

�

 

3953 two reactions were used with different primer mixes specific
to C or T alleles. The PCR conditions were established according to a
previously described phototyping method (19). The IL-1

 

�

 

 

 

�

 

3953 ge-
notype could not be unambiguously determined in 11 of 348 samples.
Genotyping of the IL-1RN VNTR polymorphism was performed as
described previously (8) with adopted thermocycling conditions: 94

 

�

 

 C
for 2 min, then 34 cycles at 95

 

�

 

 C for 10 s, 55

 

�

 

 C for 30 s, 72

 

�

 

 C for 45 s,
and finally 25

 

�

 

 C for 1 s. Each allele was identified according to its size
(Table 2).

 

Statistical Analysis

 

The genotype and allele frequencies were determined and compared
by a 2 

 

� 

 

2 

 

	

 

2

 

 test based on the Woolf–Haldane analysis, and the rela-
tive risk (OR) was calculated. The p values were corrected by Bonfer-
roni method according to the formula p

 

corr

 

 

 

�

 

 1 

 

� 

 

(1 

 

� 

 

p)

 

n

 

, where p

 

corr

 

is the corrected value, p is the uncorrected value, and n is the number
of loci. p

 

corr

 

 

 




 

 0.05 was considered to be significant. The groups were
tested for conformity to the Hardy–Weinberg equilibrium by 2 

 

� 

 

2 

 

	

 

2

 

test comparing observed and expected numbers.

Frequencies of haplotypes (pairs of alleles at different polymor-
phic loci) were estimated by Estimating Haplotype-Frequencies soft-
ware (ftp://linkage.rockefeller.edu/software/eh). Linkage disequilib-
rium (LD) was assessed between pairs of polymorphic markers by

 

calculating the relative linkage disequilibrium value (

 

D

 

rel

 

) as 

 

D

 

rel

 

 

 

�

 

D

 

ij

 

/D

 

max

 

 (10). The 

 

D

 

ij

 

 values were compared between cases and con-
trols by comparison of confidence intervals (CI 1 

 

� �

 

 

 

�

 

 0.95) (20).

 

RESULTS

 

The distribution of genotypes and alleles of the IL-1

 

�

 

 

 

�

 

889,
IL-1

 

�

 

 

 

�

 

511, IL-1

 

�

 

 

 

�

 

3953, and IL-1Ra in healthy control sub-
jects, patients with sarcoidosis, and patients with IPF is shown
in Table 3. All three groups were in Hardy–Weinberg equilib-
rium with nonsignificant 

 

	

 

2

 

 values comparing the observed
and expected genotype frequencies of each of the tested poly-
morphisms.

 

IL-1

 

�

 

 Polymorphism

 

Comparison of the IL-1

 

�

 

 

 

�

 

889 genotypes revealed that the
IL-1

 

�

 

 

 

�

 

889 1.1 homozygotes were significantly overrepre-
sented in sarcoidosis compared with healthy control subjects
(60.0% versus 44.2%, p 

 

�

 

 0.012, p

 

corr

 

 

 

�

 

 0.047), whereas the
frequency of IL-1

 

�

 

 

 

�

 

889 1.2 heterozygotes was decreased
(32.6% versus 47.7%, p 

 

�

 

 0.015, p

 

corr

 

 

 

�

 

 0.059). The relative
risk (OR) for IL-1

 

�

 

 

 

�

 

889 1.1 homozygotes was 1.9 (95% CI
1.1–3.1). The allele frequency of the IL-1

 

�

 

 

 

�

 

889 allele 1 was
higher in patients with sarcoidosis than in healthy control sub-
jects (76.3% versus 68.1%, p 

 

�

 

 0.04, p

 

corr

 

 

 

�

 

 0.151), but after
Bonferroni correction the p

 

corr

 

 value was not significant. In pa-
tients with IPF the genotype and allele frequencies did not sig-
nificantly differ either from healthy control subjects or pa-
tients with sarcoidosis.

 

IL-1

 

�

 

 Polymorphisms

 

Regarding the IL-1

 

�

 

 

 

�

 

511 polymorphism among patients
with IPF in comparison with the control subjects there was a
nonsignificant trend toward a decrease of IL-1

 

�

 

 

 

�

 

511 1.1 ho-
mozygotes (29.6% versus 42.7%, p 

 

�

 

 0.086) with a reciprocal
increase of IL-1

 

�

 

 

 

�

 

511 2.2 homozygotes (20.4% versus
12.1%, p 

 

�

 

 0.103). Also, the allele frequency of the IL-1

 

�
�

 

511 allele 2 was increased in patients with IPF compared
with control subjects (45.4% versus 34.7%, p 

 

�

 

 0.039, p

 

corr

 

 

 

�

 

0.147). However, the difference between allele frequencies did
not attain significance after correction for multiple comparisons.
The distribution of IL-1

 

�

 

 �3953 genotypes and alleles did not
significantly differ between the cases and controls.

TABLE 1. CHARACTERISTICS OF THE CASES AND CONTROLS

Controls Sarcoidosis IPF

n 199 95 54
Age, mean � SD 34.9 � 9.4 44.8 � 11.1 53.1 � 10.6
Age, range 18–69 25–78 22–72
Males:females 129:70 38:57 37:17
Nonsmokers:smokers n.a. 87:8 15:39

Definition of abbreviations: IPF � idiopathic pulmonary fibrosis; n.a. � not available.

TABLE 2. CHARACTERISTICS OF IL-1Ra, IL-1�, AND IL-1� POLYMORPHISMS AND PRIMER SEQUENCES
USED FOR PCR-SSP

Polymorphism,
Localization Type

Allele
Definition

Product
Size (bp) Primer Sequence

IL-1Ra VNTR A 1; four repeats 410 F–5� CTC AgC AAC ACT CCT AT*
intron 2 (86 bp repeat) A 2; two repeats 240 R–5� TCC Tgg TCT gCA ggT AA

A 3; five repeats 500
A 4; three repeats 320
A 5; six repeats 590

IL-1� �889 SNP A 1–C 220 F–5� CTT TAA TAA TAg TAA CCA ggC AAC A C/T
5� flanking region A 2–T 220 R–5� AAg TAg CCC TCT ACC AAg gA

IL-1� �511 SNP A 1–C 215 F–5� CTC ATC Tgg CAT TgA TCT gg
promoter A 2–T 215 R–5� ggT gCT gTT CTC TgC CTC g/A

IL-1� �3953 SNP A 1–C 337 F–5� CAT TgT CAC CAg Agg TTC gT
exon 5 A 2–T 337 R–5� CCT CgT TAT CCC ATg TgT C g/A

Definition of abbreviations: A � allele; bp � base pair; IL � interleukin; PCR-SSP � polymerase chain reaction with sequence-specific primers;
SNP � single nucleotide polymorphism; VNTR � variable number tandem repeat.

* Primers for IL-1Ra amplification according to Tarlow and coworkers (8).
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IL-1Ra Polymorphism

The frequency of IL-1RN allele 1 tended to be increased in
sarcoidosis in comparison with healthy controls (73.7% versus
67.3%, p � 0.1). However, no significant differences in geno-
type or allele frequencies were found between the groups.

Association between Pairs of Polymorphic Loci and Estimation 
of Linkage Disequilibrium

The estimated haplotype frequencies and Drel for pairs of
polymorphisms were calculated. In the control population
there was significant LD between the following pairs: IL-1�
�889 and IL-1� �3953; IL-1� �511 and IL-1� �3953; IL-
1RN and IL-1� �511; and IL-1RN and IL-1� �3953. Com-
paring the linkage disequilibrium values (Dij) between the pa-
tients and control subjects no significant differences were
found in any pair of polymorphisms.

DISCUSSION

In the present study we compared the distribution of IL-1�
� 889, IL-1� �511, IL-� �3953, and IL-1Ra intron 2 VNTR
polymorphisms between patients with sarcoidosis and control
subjects and also between patients with IPF and control sub-
jects. We describe an association between the IL-1� �889
polymorphism and sarcoidosis. Patients with the IL-1� �889
1.1 genotype were nearly two times more prone to develop the
disease than those with the IL-1 �889 1.2 and IL-1� �889 2.2
genotypes. In patients with IPF we did not observe any signifi-
cant genotype or allelic differences for the investigated poly-
morphisms. We further evaluated LD between the markers in
the IL-1 gene cluster. The cases did not significantly differ
from the control population in degrees of disequilibrium be-
tween the pairs of polymorphisms.

Our observation indicating the involvement of the IL-1�
gene in sarcoidosis is consistent with the report of Rybicki and
coworkers (14), who have found an association of a microsat-
ellite repeat marker IL-1� on 2q13 with sarcoidosis in African
Americans. In this group of Czech patients, in agreement with
recent findings in the Japanese population (21), we did not de-

tect an association between the IL-1RN and IL-1� �3953
polymorphisms and sarcoidosis.

Increasing evidence shows that the secretion of IL-1�,
IL-1�, and IL-1Ra proteins exhibits interindividual variability
dependent on the pattern of IL-1 gene cluster polymorphisms.
The mechanisms of alteration of gene expression associated
with polymorphisms are still not clearly understood. Because
the investigated polymorphisms lie in the regulatory regions
of the genes (or in the coding sequence), they may affect the
level of protein expression (22–24). Recently the role of the
IL-1� �889 polymorphism in IL-1� and IL-1� production has
been demonstrated in vivo. In severe periodontal disease, the
carriage of the IL-1 �889 allele 2 is associated with elevated
IL-1� concentrations in gingival crevicular fluid (25). In
healthy individuals homozygous for the IL-1� �889 allele 2,
IL-1� plasma levels are increased compared with subjects with
other genotypes; this elevation is linked to carriage of the IL-
1� �511 allele 2 (22).

The association of a gene polymorphism with altered pro-
tein production may occur due to linkage with another marker
directly affecting gene expression. El-Omar and coworkers
(26) demonstrated alteration of DNA–protein interactions by
a TATA box polymorphism, which was in almost total linkage
with IL-1� �511. The association between IL-1� �889 and
sarcoidosis observed in our study may, therefore, be indicative
of a linkage with functional variants in other loci in the near
vicinity. IL-1� �889 is in strong LD with IL-1� �3953 in our
West Slavonic population as well as in U.K. whites (10). The
IL-1� �3953 polymorphism has also been shown to regulate
IL-1� in vitro production by peripheral blood mononuclear
cells (PBMC) (7). However, the assumption that the effect of
IL-1� �889 on plasma IL-1� levels is mediated via IL-1�
�3953 was not confirmed in the study of Hulkkonen and co-
workers (22).

The IL-1� �889 allele 2 has been previously associated
with juvenile rheumatoid arthritis, periodontitis, and Alzheimer’s
disease (5, 27, 28). In contrast to previous associations of
chronic inflammatory diseases with the less frequent IL-1�
�889 allele 2, which is associated with higher IL-1� plasma
levels, we observed an increased frequency of the IL-1� �889
1.1 genotype in patients with sarcoidosis. In active sarcoidosis,
increased spontaneous and stimulated IL-1� production by al-
veolar macrophages is well recognized (11). The activation of
the alveolar mononuclear phagocytes seems to be compart-
mentalized to the sites of ongoing inflammation, that is, the
lung, whereas the PBMCs do not display enhanced IL-1� re-
lease (29). Because the influence of gene polymorphisms on
protein production may differ depending on the tissue and cell
type, further studies are required to assess the regulatory role
of IL-1� �889 alleles in the local cytokine production in the
affected lung (22–24).

In contrast to our finding in sarcoidosis, we did not observe
any association between IL-1 gene cluster polymorphisms and
IPF. Whyte and coworkers (15) described an association of
IL-1RN �2018 polymorphism with fibrosing alveolitis in En-
glish and Italian white populations. IL-1RN �2018 is in total
linkage with IL-1RN VNTR (9). Nevertheless, we did not find
an association between IL-1RN VNTR alleles and IPF in our
Czech patients. Because linkage is population dependent we
cannot exclude that disequilibrium between these two mark-
ers in the IL-1RN gene is absent in West Slavonic whites.
However, the observation of comparable degrees of LD be-
tween the polymorphic loci within the IL-1 gene cluster in our
Czech and U.K. whites (10) would not support this possibility.

In conclusion, in this report we describe an association of
the IL-1� �889 single nucleotide polymorphism with sar-

TABLE 3. GENOTYPE AND ALLELE FREQUENCIES OF THE IL-Ra,
IL-1�, AND IL-1� POLYMORPHISMS IN HEALTHY CONTROL
SUBJECTS, PATIENTS WITH SARCOIDOSIS, AND PATIENTS
WITH IPF*

n

Genotype Frequency Allele Frequency

1.1 1.2 2.2 1.3 1.4 2.3 3.3 1 2 3 4

IL-1Ra
Control subjects 199 46.7 36.6 11.5 4.0 0.5 0 0.5 67.3 29.9 2.5 0.3
Sarcoidosis 95 53.7 35.8 6.3 4.2 0 0 0 73.7 24.2 2.1 0
IPF 54 46.3 37.0 11.1 3.7 0 1.9 0 66.7 30.6 2.8 0

IL-1� �889
Control subjects 199 44.2 47.7 8.0 — — — — 68.1 31.9 — —
Sarcoidosis 95 60.0† 32.6 7.4 — — — — 76.3 23.7 — —
IPF 54 51.9 37.0 11.1 — — — — 70.4 29.6 — —

IL-1� �511
Control subjects 199 42.7 45.2 12.1 — — — — 65.3 34.7 — —
Sarcoidosis 95 44.2 45.3 10.5 — — — — 66.8 33.2 — —
IPF 54 29.6 50.0 20.4 — — — — 54.6 45.4 — —

IL-1� �3953
Control subjects 198 57.6 38.4 4.0 — — — — 76.8 23.2 — —
Sarcoidosis 87 65.5 32.2 2.3 — — — — 81.6 18.4 — —
IPF 52 59.6 34.6 5.8 — — — — 76.9 23.1 — —

Definition of abbreviations: IL � interleukin; IPF � idiopathic pulmonary fibrosis.
* The frequencies are given in percent. The table shows the detected genotypes and

alleles only.
† Versus healthy controls, 	2 � 6.3, p � 0.012, pcorr � 0.047.
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coidosis in the Czech population. Whether IL-1� �889 has a
direct functional effect on gene expression or this association
is mediated by linkage disequilibrium to another disease-caus-
ing polymorphism within or close to the IL-1 gene cluster re-
mains to be investigated.
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