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Association study of polymorphisms within interleukin-18 in
juvenile idiopathic arthritis and bronchial asthma

Background: Interleukin-18 (IL-18) plays an important role in the regulation of
THI1 as well as TH2 immunologic responses and thus in the development of
chronic inflammatory diseases. Positive association studies of polymorphisms in
IL-18 with different diseases have underlined the involvement of IL-18 in the
pathogenetics processes. Our interest was to test polymorphisms of IL-18 for
association with a typical TH1-mediated disease — juvenile idiopathic arthritis —
and the TH2-mediated disease bronchial asthma in Caucasian children.
Methods: We genotyped five polymorphisms that were in association with
chronic inflammatory diseases (—607C, —137C, 113G, 127T, and —133G). This
was performed by restriction fragment length polymorphism in populations of
asthmatic children, control individuals, and children with antinuclear antibodies
(ANA)-positive juvenile idiopathic arthritis. Statistical analysis was performed by
the Armitage trend test; haplotypes were calculated by the Arlequine program.
Results: No significant association was found between any single nucleotide
polymorphism or any haplotype and bronchial asthma or ANA-positive juvenile
idiopathic arthritis.

Conclusion: We conclude that the effect of IL-18 in the immunologic context of
diseases like bronchial asthma or juvenile arthritis might be too complex to be
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phisms under investigation might be nonfunctional.

reflected in a simple one-way association study. Furthermore, the polymor-
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Interleukin (IL)-18 is a pleiotropic cytokine, which is
often constitutively expressed and potentially secreted by
a variety of different cell types including keratinocytes,
colon epithelial cells, synoviocytes, macrophages, and
Kupffer cells. Since its description in 1995 as interferon-
gamma-inducing factor (1), its role in the immunologic
network has been investigated extensively. Interestingly,
IL-18 can regulate THI1- and TH2-mediated immune
responses, and thus is involved in the pathogenesis of
TH1 and TH2 chronic inflammatory diseases.

Allergic asthma represents a typical TH2-mediated
disease and the contribution of IL-18 to asthma has been
studied in human beings and mice. In human beings, the
level of serum IL-18 is elevated during acute asthmatic
exacerbations (2) and secretion of IL-18 by peripheral
blood mononuclear cells is increased in asthma and
atopic dermatitis (3). Controversially, another study
demonstrated that in bronchoalveolar lavage levels of
IL-18 are reduced in asthma when compared with healthy
controls as well as patients with sarcoidosis (4). Finally,
reduced expression of IL-18 mRNA in atopic dermatitis
has also been described (5).

Similar conflicting results have been obtained in mouse
models of allergic asthma: gene transfer of IL-18 to
mice prevents asthma and even reverses established

allergen-induced airway hyperreactivity, especially when
co-administered with IL-12 (6, 7). Furthermore, IL-18
knockout mice show enhanced allergen-induced eosino-
philia (8). Thus, IL-18 seems to play some protective role
in the development of bronchial asthma. However, other
studies have demonstrated that the sole administration of
IL-18 to lungs of sensitized mice, enhances antigen-
induced eosinophil recruitment (9), serum IgE, and TH2
cytokine levels (10).

One explanation for these seemingly conflicting results
is that IL-18 stimulates TH1 or TH2 responses depending
on its cytokine milieu (11, 12). When IL-18 is given alone,
it exhibits pro-allergic functions like stimulating IL-4 and
histamine release from basophils; however, when it is
given in a TH1 milieu — that is together with I1L-12 — it
prevents the development of allergic reactions (7, 13).

An important role of IL-18 has also been found in
rheumatoid arthritis — a typical TH1-mediated disease.
IL-18 is elevated in serum and synovial tissue of patients
with arthritis (14, 15). In addition, administration of
IL-18 together with IL-12 is important in sustaining TH1
responses and monokine production (16). Expression of
IL-18 is associated with that of IL-1p and tumor necrosis
factor alpha and with local inflammation in the synovial
tissue of patients with rheumatoid arthritis. Furthermore,
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synovial IL-18 expression correlates with the acute-phase
response (17).

Polymorphisms within IL-18 have been found in
association with different chronic inflammatory diseases
like Crohn’s disease (18), diabetes mellitus (19), and adult
onset of Still’s disease (20). Furthermore, their impact on
the development of lung diseases like sarcoidosis (21) and
asthma (22) have been described. In our atopic population
from southwestern Germany, IL-18 polymorphisms have
been shown to be in association with specific sensitization,
allergic rhinitis, and high total IgE levels (23).

As IL-18 is a very important cytokine for both, THI-
and TH2-mediated immunologic response, we sought to
investigate common polymorphisms within IL-18 in
children with a THI1-mediated disease — juvenile idio-
pathic arthritis (JIA) — and with bronchial asthma as
TH2-mediated disease.

Material and methods
Subjects

A total of 321 children with suspected asthma (aged 5-18 years) were
recruited from the southwestern part of Germany between July 2000
and January 2003. The probands were characterized at the University
Children’s Hospital, Freiburg, Germany, using a standardized clin-
ical protocol. Participants were asked in advance to discontinue any
asthma or allergy medication before the clinical testing. An extended
medical history was recorded including occurrence and duration of
wheezing symptoms, previous and acute medications, severity of
previous asthma attacks, previous allergic rhinitis or conjunctivitis,
atopic dermatitis, and any family history of allergic diseases.

Skin prick test

Skin prick tests to 17 common allergens and positive (histamine)
and negative controls were performed. The following allergens were
tested: house dust mites, different grass and tree pollens, Aspergillus
fumigatus, Alternaria alternata, Cladosporium herbarum, dog, cat,
rabbit, duck, and horse dander. The wheal response diameters were
recorded after 15 min. The skin prick test was regarded as positive if
the wheal of the test allergen was at least half the size of the wheal of
the positive control.

Specific and total IgE

Specific IgE was detected by enzyme-linked immunosorbent assays
against two mixtures of grass pollens, mite allergens (Dermatoph-
agoides pteronyssinus and D. farinae), cat and dog dander, hazel,
and birch pollens (Magic Lite; Chiron Diagnostics, Fernwald,
Germany). The cut-off point for a positive test was 1.43 ML units
(24). Measurement of total serum IgE was carried out by an enzyme
allergosorbent test (Phadezym; Pharmacia, Uppsala, Sweden).

Pulmonary function tests

Pulmonary function tests were performed using standard protocols.
In addition, exercise-induced asthma was diagnosed by subjecting
the probands to physical exercise for 6 min under standardized
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conditions. The first spirometry and peak flow measurement were
performed after 2-3 min and the second after 5-6 min. After 10
more minutes the children inhaled with salbutamol and a third
spirometry and peak flow measurement were taken.

To test for bronchial hyperresponsiveness inhalations with
increasing, doubling concentrations of histamine were performed
(from 0.125 to 8 mg/dl). Testing was stopped aftera 15% fallin FEV.

Asthma definition

Of the 321 recruited children, 228 were diagnosed as positive for
bronchial asthma. The diagnosis was based on a clear-cut history of
asthmatic symptoms, the use of anti-asthmatic medication and at
least some degree of bronchial hyperreactivity. The anti-asthmatic
drugs included typical betamimetika such as salbutamol and
standard corticosteroids used in asthma treatment such as budeso-
nide. Bronchial hyperresponsiveness was defined as a fall in FEV,
by at least 15% in histamine testing or exercise provocation. No
child of the asthmatic population has JIA.

Control population

The randomly chosen probands (270) used as controls (aged 19—
40 years) originated from the same area in the southwestern part of
Germany. No medical history was taken and no medical testing was
performed on controls.

Juvenile idiopathic arthritis population

The forms of JIA have been recently classified by the International
League of Associations for Rheumatology (25). The present study
focuses on patients fulfilling the clinical criteria of chronic arthritis,
which refers to arthritis of at least 6 weeks duration of unknown
cause occurring in children less than 16 years old. In addition, all
patients included in the study tested positive for antinuclear anti-
bodies (ANA) in the serum, i.e. titer >1 : 80. Eighty-six children
fulfilling these criteria were included in this study. One child of this
group had asthma, but no elevated IgE levels.

Genotyping

Genotyping was performed as described previously (23). Genotyp-
ing was performed by two investigators blinded to the phenotype.

Statistical analysis

Statistical analysis was performed using the Armitage trend test
calculated by the De Finetti program. P < 0.01 was regarded as
significant (due to multiple testing). The Armitage trend test is a
statistical method that does not assume Hardy—Weinberg equili-
brium (HWE) to test for association between a single nucleotide
polymorphism and the disease of interest. As deviation from HWE
has been shown to inflate the chance of false-positive association
(26), the Armitage trend test should be more useful than the usual
chi-square test. Haplotypes were calculated by means of the Arle-
quin program (27).

Approval

The collection of serum and the subsequent DNA material and the
experimental procedures were approved by the Ethical Commission



of the University of Freiburg. A statement of informed consent was
signed by all participants or in the case of children signed by their
parents.

Results
Genotyping

The five polymorphisms were genotyped in three different
populations: asthmatic children, children with JIA, and a
control population. The variants were in HWE in all
populations as calculated by the De Finetti program (see
Table 1).

Association studies

The genotype distribution and the allelic frequencies of
the five polymorphisms are given in Table 2 and the
association results in Table 3. None of the polymor-
phisms was associated with asthma or with ANA positive
JIA. Furthermore, there was no significant difference in
the allelic frequencies between the asthmatic and rheu-
matoid populations.

Table 1. Hardy—Weinberg equilibrium (HWE) as calculated by the De Finetti
program

Polymorphism HWE asthma HWE controls HWE JIA
—607C 0.38 0.68 0.62
-137C 0.68 0.17 0.75
113G 0.68 0.23 0.75
1277 0.68 023 0.75
—-133G 0.94 0.29 0.68

JIA, juvenile idiopathic arthritis.
Values indicate probability.

Table 2. Frequencies and genotype distribution of the polymorphisms in the
different populations

Homozygote Homozygote Frequency
Polymorphism  Population WT Heterozygote MU WT
—607C Asthma 63 121 46 0.54
Contrals 90 134 45 0.58
JIA 36 37 12 0.64
—-137C Asthma 117 93 21 0.71
Controls 133 118 17 0.72
JIA 48 31 6 0.75
113G Asthma 117 93 21 0.71
Contrals 133 118 18 0.71
JIA 48 31 6 0.75
1277 Asthma 115 92 21 0.71
Controls 133 118 18 0.71
JIA 43 31 6 0.75
—-133G Asthma 109 99 23 0.69
Contrals 120 125 24 0.68
JIA 43 36 6 0.72

WT, wild type; MU, mutation; JIA, juvenile idiopathic arthritis.

No association of IL-18 with asthma

Table 3. Association analysis by the Armitage trend test

Polymorphism Controls — asthma Controls — JIA Asthma — JIA
—607C 0.13 0.18 0.02
—-137C 0.76 0.42 0.34
113G 0.71 0.39 0.34
1277 0.79 0.39 0.32
—133G 0.79 032 0.44
JIA, juvenile idiopathic arthritis.

Values indicate probability, with P < 0.01 being significant.

Table 4. Frequencies of the haplotypes in the populations

Haplotype Asthma Controls JIA
11111 0.510 0.550 0.613
11112 0.020 0.035 0.030
12222 0.005 0.000 0.000
21111 0.172 0.130 0.101
21112 0.004 0.000 0.000
22221 0.002 0.000 0.000
22222 0.286 0.283 0.256

JIA, juvenile idiopathic arthritis.

Haplotype analysis

Three major haplotypes were found (see Table 4 for their
frequencies in the three populations). There was no
association of the haplotypes with the diseases.

Discussion

The role that IL-18 plays in the pathophysiology of
both — TH1- and TH2-mediated — chronic inflammatory
diseases has been extensively studied. These results have
been underlined by genetic investigations showing associ-
ation of polymorphisms within the gene with these
diseases, thereby dedicating a further pathogenetic effect
to this gene.

We recently identified new polymorphisms within
IL-18 and found association of four polymorphisms with
mainly atopic phenotypes like elevated IgE levels and
sensitization to common allergens (23). In this study, we
screened these five polymorphisms in populations of
asthmatic children, children with JIA, and controls.

In contrast to our first association study with atopic
phenotypes and another study reporting association with
asthma (22), we did not find any association of the five
polymorphisms with neither bronchial asthma nor JIA.
Such conflicting results are often observed in association
studies using populations with different ethnic back-
grounds. However, the populations of our earlier study
on atopic phenotypes and of the study presented here
have been recruited in the same area of southwestern
Germany. Therefore, it seems unlikely that the contrary
results are due to a different genetic background.
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IL-18 represents a pleiotropic cytokine with varying
effects in inflammatory diseases that are mainly influ-
enced by the overall cytokine milieu and exhibits some
protective role in the development of bronchial asthma
(especially in conjunction with 1L-12) (7). At the same
time, it might initiate bronchial asthma through enhanced
antigen-induced eosinophil recruitment (9) and enhanced
serum IgE and TH2 cytokine levels (10) if administered
solely.

Bronchial asthma and JIA represent complex and
varying clinical pictures with varying cytokine milieus,
depending on the respective activity of the diseases. It
seems reasonable to assume that the opposite effects that
IL-18 might exhibit on the asthma phenotype are due to
the varying cytokine milieus in the course of the asthma-
tic disease. The same accounts for JIA.

This in turn would lead to different and even opposite
pathophysiologic effects of the very same genetic variants.
The same variant that enhances the process in one stage
might turn it down in a later stage.

Our first study on atopic phenotypes covered a clear
immunologic situation, the predominance of the TH2

References

cytokine milieu. Our second study covered a much more
complex phenotype comprising TH2 as well as THI1
aspects, depending on the clinical stage. This could lead
to a false-negative result with the genetic variants
exhibiting opposite effects on the same clinical phenotype.

In fact, our negative association study cannot exclude
the significance of IL-18 variants on the asthmatic or JIA
phenotype but might be just influenced by their opposing
effects. In other words, further functional studies are
necessary to evaluate the functional effect of these IL-18
variants and their meaning in the context of complex
inflammatory diseases.

We conclude from our data that the effect of 1L-18 in
the immunologic context of diseases like bronchial
asthma or juvenile arthritis might be too complex to be
reflected in a simple one-way association study.

Acknowledgments

This project was supported by a grant from the Deutsche Fors-
chungsgemeinschaft (DFG De 386/4-1).

1. Okamura H, Tsutst H, KomATtsu T, 6. WALTER DM, WonNG CP, DEKRUYFF 11. NakanisHi K, YosHimoro T, Tsutsul H,

Yutsupo M, HAKURA A, TaNnimoTo T
et al. Cloning of a new cytokine that
induces IFN-gamma production by
T cells. Nature 1995;378:88-91.

2. TANAKA H, Mivyazaki N, OasHi K, TERA-
MOTO S, SHIRATORI M, HAsHIMOTO M et al.

mild and moderate asthma exacerbation.
J Allergy Clin Immunol 2001;107:
331-336.

3. EL-MEzzeIN RE, MATsumoto T,
Nomivyama H, MuKE T. Increased
secretion of IL-18 in vitro by peripheral
blood mononuclear cells of patients with

Clin Exp Immunol 2001;126:193-198.

4. Ho LP, DAvis M, DENIsoN A, WooD
FT, GREENING AP. Reduced interleukin-
18 levels in BAL specimens from patients
with asthma compared to patients with

RH, BerrY GJ, LEvy S, UmETSu DT.
11-18 gene transfer by adenovirus
prevents the development of and reverses
established allergen-induced airway
hyperreactivity. J Immunol
2001;166:6392—6398.

IL-18 might reflect disease activity in 7. HorsTRA CL, VAN ARK I, HOFMAN G,
KooL M, Nukamp FP, VAN OOSTER-
HouT AJ. Prevention of Th2-like cell
responses by coadministration of 1L-12 13. YosHimorto T, Tsutsut H, ToMINAGA K,
and IL-18 is associated with inhibition of
antigen-induced airway hyperrespon-
siveness, eosinophilia, and serum IgE
levels. J Immunol 1998;161:5054-5060.
bronchial asthma and atopic dermatitis. 8. Kopama T, MATSUYAMA T,
KuriBayasHi K, NisHIOKA Y, SUGITA M,
AKIRA S et al. IL-18 deficiency selectively  14. BRESNIHAN B, Roux-LOMBARD P,
enhances allergen-induced eosinophilia
in mice. J Allergy Clin Immunol
2000;105(Pt 1):45-53.

OkAMURA H. Interleukin-18 is a unique
cytokine that stimulates both Thl and
Th2 responses depending on its cytokine
milieu. Cytokine Growth Factor Rev
2001;12:53-72.

12. NakanisHI K, YosHimoto T, Tsutsul H,
OkAMURA H. Interleukin-18 regulates
both Thl and Th2 responses. Annu Rev
Immunol 2001;19:423-474.

HosHino K, OKAMURA H, AKIRA S et al.
1L-18, although antiallergic when
administered with IL-12, stimulates 1L-4
and histamine release by basophils.
Proc Natl Acad Sci USA 1999;96:
13962-13966.

MurrHY E, KANE D, FitzGERALD O,
DAYER JM. Serum interleukin 18 and
interleukin 18 binding protein in

sarcoidosis and healthy control subjects. 9. Kumano K, Nakao A, Nakaima H, rheumatoid arthritis. Ann Rheum Dis
Chest 2002;121:1421-1426. HavyasHi F, KuriMmoTo M, OkAMURA H 2002;61:726-729.
5. HicasHr N, GESSER B, KAwWANA S, et al. Interleukin-18 enhances antigen- 15. TANAKA M, HARiGAT M, KAWAGUCHI Y,

THESTRUP-PEDERSEN K. Expression of
IL-18 mRNA and secretion of IL-18 are
reduced in monocytes from patients with

nol 2001;108:607-614.

induced eosinophil recruitment into the
mouse airways. Am J Respir Crit Care

Med 1999;160:873-878.

atopic dermatitis. J Allergy Clin Immu- 10. WILD JS, SicouNAs A, SUR N, SIDDIQUI
MS, ALam R, KurimMoTo M et al. IFN-
gamma-inducing factor (IL-18) increases
allergic sensitization, serum IgE, Th2

OHTA S, SuGIURA T, TAkAcI K et al.
Mature form of interleukin 18 is
expressed in rheumatoid arthritis
synovial tissue and contributes to
interferon-gamma production by
synovial T cells. J Rheumatol
2001;28:1779-1787.

cytokines, and airway eosinophilia in a
mouse model of allergic asthma.
J Immunol 2000;164:2701-2710.

848



16.

17.

18.

19.

GRACIE JA, Forsey RJ, CHAN WL,
GILMOUR A, LEUNG BP, GREER MR

et al. A proinflammatory role for IL-18
in rheumatoid arthritis. J Clin Invest
1999;104:1393-1401.

JooSTEN LA, RADSTAKE TR, LUBBERTS E,
van den BERSSELAAR LA, van RIEL PL,
van LENT PL et al. Association of inter-
leukin-18 expression with enhanced levels
of both interleukin-1beta and tumor
necrosis factor alpha in knee synovial
tissue of patients with rheumatoid
arthritis. Arthritis Rheum 2003;48:
339-347.

Tamura K, Fukupa Y, SasHio H,
TAKEDA N, BAMBA H, Kosaka T et al.
IL18 polymorphism is associated with an
increased risk of Crohn’s disease.

J Gastroenterol 2002;37(Suppl. 14):
111-116.

KRrETOWSKI A, MIRONCZUK K,
KARPINSKA A, BoJARYN U, KINALSKI M,
PucHALsKI Z et al. Interleukin-18
promoter polymorphisms in type 1
diabetes. Diabetes 2002;51:3347—-3349.

21.

22.

23.

. Suciura T, KawAGucHI Y, HARIGAI M,

TerRAIIMA-ICHIDA H, KITAMURA Y,
Furuya T et al. Association between
adult-onset Still’s disease and
interleukin-18 gene polymorphisms.
Genes Immun 2002;3:394-399.
TakapA T, Suzuki E, MoroHASHI K,
GEeJyo F. Association of single nucleo-
tide polymorphisms in the IL-18 gene
with sarcoidosis in a Japanese popula-
tion. Tissue Antigens 2002;60:36—42.
Hica S, HIrRaANO T, MAYUMI M,
HiraokA M, OHsHIMA Y, NAMBU M
et al. Association between interleukin-18
gene polymorphism 105A/C and asthma.
Clin Exp Allergy 2003;33:1097-1102.
KRUSE S, KUEHR J, MOSELER M, Kopp
MYV, Kurz T, DEIcHMANN KA et al.
Polymorphisms in the IL 18 gene are
associated with specific sensitization to
common allergens and allergic rhinitis.
J Allergy Clin Immunol 2003;111:
117-122.

No association of IL-18 with asthma

24.

25.

26.

27.

KLEINE-TEBBE J, EIcKHOLT M, GATIEN M,
BRUNNEE T, O’CoNNOR A, KUNKEL G.
Comparison between MAGIC LITE- and
CAP-system: two automated specific IgE
antibody assays. Clin Exp Allergy
1992;22:839-844.

PerTY RE, SouTHWOOD TR, BAUM J,
BHETTAY E, GLASS DN, MANNERS P

et al. Revision of the proposed classifi-
cation criteria for juvenile idiopathic
arthritis: Durban, 1997. J Rheumatol
1998;25:1991-1994.

XU J, TURNER A, LITTLE J, BLEECKER ER,
MEYERS DA. Positive results in association
studies are associated with departure from
Hardy—Weinberg equilibrium: hint for
genotyping error? Hum Genet
2002;111:573-574.

SCHNEIDER S, ROESsLI D, EXCOFFIER L.
Arlequin: A Software for Population
Genetics Data Analysis. Ver 2.000.
Geneva: Genetics and Biometry Lab,
Department of Anthropology,
University of Geneva, 2000.

849



