Polymorphisms in the IL18 gene are
associated with specific sensitization to
common allergens and allergic rhinitis
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Background: Atopy has been linked to chromosome 11q22, a
region that harbors the IL18 gene. I1L-18 enhances IL-4/1L-13
production and induces IgE production that is directly associ-
ated with the pathogenesis of atopic disorders.

Objective: We sought to investigate whether genetic abnormal-
ities in the regulatory regions of the IL18 gene predispose, in
part, to susceptibility to atopy.

Methods: Among a white population of 105 families, the oldest
child was examined with regard to atopic phenotypes and sin-
gle-nucleotide polymorphisms (SNPs) within the IL18 gene.
Results: We have identified 5 novel SNPs in the IL18 gene
(-920[t/c], -133[c/g], and —132[a/g] in promoter 2 [upstream of
exon 2]; +179[c/a; Ser35Ser] in exon 4; and +486[c/t;
Phe137Phe] in exon 6). Three SNPs are located in promoter 2,
and one (-133[c/g]; nuclear factor 1 site) was significantly
associated with high serum IgE levels (P = .001; odds ratio,
3.96) and specific sensitization to common allergens (P = .005;
OR, 4.12). In addition, previously identified SNPs in exon 1
(+113[t/g] and +127[c/t]) and in promoter 1 (-137[g/c], GATA3
site) of the IL18 gene were significantly associated with high
IgE levels (P < .005; OR, 3.27-3.90) and specific sensitization
(P =.02 to .008; OR, 3.27-3.83). The SNP +127(g/t) in exon 1
was also a susceptibility locus for seasonal allergic rhinitis (P =
.008; OR, 3.22).

Conclusion: 718 might be responsible for the linkage effects
seen in the chromosomal region 11¢22, which has been found
previously with the phenotype “sensitization to mite allergen.”
Thus a suspected direct role of IL18 in the pathogenesis of
atopy has been strengthened by the presence of 8§ common
SNPs in the promoter regions of ILI8. (J Allergy Clin
Immunol 2003;111:117-22.)
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Atopy is characterized by the presence of specific IgE
antibodies to common allergens in individuals with a
genetic predisposition who respond with immediate
hypersensitivity on exposure to specific allergens. Atopy
affects up to 40% of the population in Western societies
and underlies the development of allergic diseases, such
as asthma, allergic rhinitis, and atopic dermatitis.
Although environmental factors play important roles in
the development of atopy, there is a strong genetic pre-
disposition in atopic subjects.!

A number of whole-genome scans have recently been
completed to elucidate the genetic basis of this common
and complex disease and to provide evidence for linkage
of atopy to multiple chromosomal regions, including
replicated regions on chromosomes 5q, 6q, 11q, 12q, and
139.2 In addition, a number of single-nucleotide poly-
morphisms (SNPs) in candidate genes have been
described that are nonrandomly overtransmitted to atopic
subjects. These SNPs might influence physiologic func-
tions that are known to be relevant disease mechanisms
in atopy, such as influencing IgE production or modify-
ing IgE effector function.3

The production of specific IgE is initiated by T2 cells
that release IL-4 and IL-13 in response to antigen pre-
sentation. Binding of IL-4 and IL-13 to the IL-4R o
chain recruits signal transducer and activator of tran-
scription 6 into the receptor complex, activates germline
transcription from the € heavy-chain gene locus, and,
together with signals derived by the B-cell surface mole-
cule CD40, induces isotype switching in B cells.#

Recently, interest in the role of IL.-18 in atopic disor-
ders has increased.5 Binding of IL-18 to its receptor leads
to the activation of the IL-1R-associated kinase/TNF
receptor-associated factor 6 signal transduction path-
ways, followed by activation of activator protein 1
through c-Jun N-terminal kinase and the nuclear translo-
cation of nuclear factor kB (NF-xB).6 Because NF-kB
recognition sites (among others) are located in the pro-
moter of several cytokine genes (eg, /L4, IL13, and
IFNG), NF-xB is suggested to upregulate cytokine gene
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expression. IL-18 also induces the mitogen-activated
protein kinase signaling pathway to activate signal trans-
ducer and activator of transcription 3, which plays a key
role in cell-proliferation events.” In synergy with IL-12,
IL-18 stimulates Ty1-mediated immune responses, such
as the expression of IFN-y and the production of IgG2a
by B cells.® Paradoxically, IL-18 also enhances T2
cytokine production (IL-4 and IL-13) and the IgE pro-
duction in helminth-infected mice® and in a mouse model
of ragweed-induced allergy.19 IL-18 also regulates IgE
production in vivo in the absence of allergen.!! Daily
administration of IL-18 induced a dose-dependent
increase in serum IgE levels in mice. Furthermore, trans-
genic mice overexpressing IL-18 spontaneously have
high serum levels of IgE and IL-4.12 Collectively, these
results indicate that IL-18 has the potential to initiate Ty;2
responses and upregulate IgE production. According to
these findings suggesting a functional role for this mole-
cule in atopy, recent studies have demonstrated exagger-
ated levels of IL-18 in the sera of patients, with exacer-
bation of asthma, atopic dermatitis, and allergic
rhinitis.513-15 Therefore it might be plausible that genet-
ic variations within the /L/8 gene might influence Ty2
responses and predispose to exaggerated IgE production
to specific allergens.

The gene for human IL-18 is located on chromosome
11g922.2-22.3 (Locus ID 3606, National Center for
Biotechnology Information, National Institutes of
Health) close to the marker D11S927 (distance approx-
imately 2 cM). Importantly, linkage of this marker to
the phenotype “sensitization to mite allergen” has been
shown recently (108.7 cM, nonparametric linkage 2.52,
P = .006).16 The maximum LOD score over disease
model statistics amounted to 3.76 at position 130.84 cM
on the same chromosome, directly next to the gene for
IL-18.16 Recently, a genome-wide search for atopy sus-
ceptibility genes in Dutch families also identified chro-
mosome 11g22 as an important candidate region for
susceptibility to atopy.!” A genome-wide screen in a
cross between Biozzi BP2 and BALB/c mice found evi-
dence for linkage of the allergic phenotype in 4 loci
syntenically homologous to 5 human regions, including
chromosome 11q22.18 Thus SNPs in the genes of IL-18
might be responsible for the observed linkage between
11922 and susceptibility to atopy.

In the context of multiple sclerosis, common SNPs in
promoter 1 and exonl of the /L18 gene have already been
described.!® Our interest was to search for additional
common SNPs in the whole IL/8 gene, which is com-
posed of 6 exons and probably 2 promoters, and to inves-
tigate their association with atopic phenotypes.

METHODS

Screening population

The screening for SNPs was performed in a separate population
of 50 unrelated white individuals recruited randomly without regard
for atopic history. These individuals were not included in associa-
tion analyses.
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Atopic population

Individuals were recruited in the Southwestern part of Germany,
as described elsewhere.20 An atopic child served as the index patient.
The genotyping and association studies were performed in 105 atopic
and nonatopic individuals (oldest child of the family; mean age, 17
years) of 260 subjects aged from 4 to 28 years recruited through 2
prior studies. Therefore all individuals analyzed in this study were
genetically independent from each other. Among them, 69% (72 indi-
viduals) showed specific sensitization to common inhalant allergens,
62% (65 individuals) had total IgE serum concentrations of higher
than 100 kU/L, and 24% (25 individuals) had seasonal allergic rhini-
tis (SAR). Determination of allele frequencies, linkage disequilibri-
um, and Hardy-Weinberg estimates were performed.

Specific IgE was detected by means of ELISAs against 2 mix-
tures of grass pollens, mite allergens (Dermatophagoides
pteronyssinus and Dermatophagoides farinae), cat dander, and
birch pollens (Magic Lite; Chiron Diagnostics, Fernwald, Ger-
many). The cut-off point for a positive test result was 1.43 ML
units.2! Detectable IgE to at least one of the 4 allergens or a positive
skin prick test response to one of the same allergens were the crite-
ria to identify any specific sensitization. Measurement of total
serum IgE was carried out by using an enzyme allergosorbent test
(Phadezym; Pharmacia, Uppsala, Sweden).22

Approval

The collection of serum and DNA material, as well as the exper-
imental protocol, have been approved by the Ethics Commission of
the University of Freiburg.

Amplification of genomic DNA by means of
PCR

DNA was extracted from peripheral blood leukocytes according
to standard protocols and column purified (DNA midi kit; Qiagen,
Hilden, Germany). We screened for SNPs in the whole /L/8 gene by
using the appropriate primers to obtain 300-bp fragments (Table I).
PCR was carried out in a volume of 10 uL containing 30 ng of
DNA, 5 pmol of each primer, 0.06 U of Tag-Polymerase (Pharma-
cia, Uppsala, Sweden), and 2 mmol of deoxyribonucleoside triphos-
phate mix, with the buffer recommended by the supplier. After
denaturation for 5 minutes at 94°C, 35 cycles were carried out, with
each cycle consisting of 45 seconds at 94°C, 90 seconds at the
annealing temperature (Table I), and 90 seconds at 72°C. The last
synthesis step was extended to 10 minutes.

Single-strand conformation polymorphism
analysis

The amplified products were resolved on nondenaturing 10% or
12% polyacrylamide gels containing 10% glycerol at 20°C for 2
hours.23 The gels were silver stained, as described elsewhere.24
Sequencing was performed for all observed single-strand confor-
mation polymorphism variants.

Sequencing

Sequencing with the dideoxy chain termination method was per-
formed on an automated sequencer (ABI310; Applied Biosystems,
Weiterstadt, Germany).

Restriction fragment length polymorphism
analysis

PCR for genotyping was performed with mutated primers, intro-
ducing a restriction site for restriction fragment length polymor-
phism analysis of the respective genotype (Table II). All enzymes
were from NEB (Frankfurt, Germany). Restriction was performed
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TABLE I. Primers for the screening of polymorphisms

Primer Annealing temperature

Promoter 1 5’-taacatgttgaacataagcecta-3”; 57-ggtggcagecgctttagecagetag-3” 54°C
Exon 1 5’-ccaaggagtgcegacageagtet-37; 57-gactgcteatcgtagtgatget-3” 56°C
Promoter 2 (from —2480 to exon 2) 5’-actctttatagattettctcte-37; 57-caataatgactaggcetgtgage-3” 55°C

5°-tgttcagcaatgaagecataa-3”; 57-cagggtttcaccacgttgcee-3”

57-agaactttgagaggccaagt-3”; 5’-tgtataattttggccteccaa-3” 53°C

5’-atgcctgtaatctcaageactt-37; 57-attagtagtacttgtgactctg-3”

5’-tgtctcaagatctetgeaata-37; 5 -atcaagggatacaggatttga-3” 50°C

5’-tgcacaccgtattggaagagg-3"; 5’-cttctcttacaaccagtgggt-3”

5’-gacaatgaagtcacaaaccttc-3"; 5”-tcagcttatgaatacccatgt-3” 50°C
Exon 2 57-gttcagtactaggccatttatc-37; 5”-tgttctatggcattagecttac-3” 53°C
Exon 3 5’-aagccaagacagacccettaaac-37; 57-gaaggcagattggtageatgag-3~ 53°C
Exon 4 5’-cttctggaacagaagattgtca-3”; 57-agcacggaacaatgtaagcag-3” 52°C
Exon 5 5’-tgttectgtgcaagaattctte-37; 5°-gacaaaggttggtetgaggat-3” 54°C
Exon 6, 1 57-aggtcagtactgetgttcaga-37; 5’-cacaagctagaaagtatccaac-3” 53°C
Exon 6, 2 5’-gaagtgtcccaggacatgata-3”; 5°-ggtcactacactcagcetaat-3” 54°C

TABLE II. Primer for restriction fragment length polymorphism analysis

Polymorphism Primer Annealing temperature Enzyme
Promoter 1, -656 5’-taacatgttgaacataagcecta-3’; 5'-gaaagtaagettggggagecgg-3’ 54°C NgoM IV
Promoter 1, —607 5’-tgttgcagaaagtgtaaaaattttaa-3”; 5-cggataccatcattagaataatat-3 50°C Sspl
Promoter 1, —137 5’-atgcttctaatggactaagga-3'; 5'-gtaatatcactattttcatgaatt-3” 50°C EcoRI
Exon 1, 113 5’-ccaaggagtgccgacageagtet-3'; 5'-ggtggcagecgetttageagetag-3 54°C Nhel
Exon 1, 127 5’-atgcttctaatggactaagga-3’; 5’-agactgcageaggtggtggce-3 56°C Mscl
Promoter 2, -920 5’-tgtctcaagatctetgeaata-3’; 5'-tacctattttetgttgtgctgea-3” 53°C Pstl
Promoter 2, —133 5’-gtattcataagctgaaactccegg-3"; 5'-tgttctatggeattagecttac-3 53°C Smal
Promoter 2, —132 5’-gttcagtactaggccatttatc-3”; 5’-gatgaacaatcttgacattcaattaa-3” 53°C Asel

in a volume of 10 pL containing 5 UL of the PCR product and the
buffer recommended by the supplier for 90 minutes at 37°C. The
fragments were resolved on 12% polyacrylamide gels. Two known
homozygous individuals for the different alleles and one heterozy-
gous individual (previously confirmed by sequencing) were includ-
ed in each reaction. The genotyping was performed by 2 investiga-
tors blinded to the phenotypes. Restriction analysis was performed
in duplicate, and SNPs segregated correctly.

Statistical analysis

Association studies were performed with 105 individuals who
were the oldest children of their families. The importance of the
genotype as a predictor (presence of the polymorphic allele) for the
dichotomous variables of specific sensitization, serum IgE level of
higher than 100 kU/L, and SAR was estimated with logistic regres-
sion analysis (PROC LOGIST Statistical Analysis System; SAS
Institute Inc, Cary, NC).25:26 All regression analyses were adjusted
for age and sex. Odds ratios (ORs) estimating the relative risks and
their 95% Cls are given.

RESULTS
Polymorphisms

Screening for common SNPs in the /LIS gene was
performed by means of single-strand conformation poly-
morphism analysis. PCR products covered the coding
gene, as well as the adjacent splice sites and promoter
regions. We identified the following SNPs: —656(t/g),
—607(a/c), and —137(g/c) in promoter 1 and +113(t/g) and

+127(c/t) in exon 1 (all described by Giedraitis et all9).
In addition, we localized 3 new common SNPs in the
promoter 2 region (-920[t/c], —133[c/g], and —132[a/g];
Fig 1) and 2 silent mutations in exon 4 (+179[c/a],
Ser35Ser) and exon 6 (+486[c/t], Phel37Phe; not yet
described). No SNPs were found in the other exons and
regions of the IL18 gene. The distance between the 2 pro-
moters amounts to approximately 9 kb.

Allelic frequencies

We determined the frequencies of the alleles that dif-
fered from the published genotype (Table III). All vari-
ants were in Hardy-Weinberg equilibrium (data not
shown).

Linkage disequilibrium

Linkage disequilibrium was tested between all pairs of
SNPs in the /LI8 gene. All SNPs were in strong linkage
disequilibrium (P < .005).

Association studies

All SNPs found in the /L18 gene, except the 2 silent
mutations in exon 4 (+179[c/a]; Ser35Ser) and exon 6
(+486][c/t]; Phe137Phe), were included in the association
studies. The SNPs in promoter 1 (-137C), exon 1 (113G
and 127T), and promoter 2 (—133G) showed strong asso-
ciations with atopic phenotypes. These SNPs were signif-
icantly associated with high IgE levels (P < .005; OR,
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FIG 1. Part of the human /L18 gene sequence for promoter 2 (upstream of exon 2; NCBI AC067833). Three
novel polymorphisms at positions -920(t/c), -133(c/g), and -132(a/g) are shown. The transcription factor NF-
1 binds to the site —133/132, which is indicated. Exon 2 is underlined, and the ATG start codon is marked.

TABLE lll. Allelic frequencies of common polymorphisms
in the human /L1718 gene

Polymorphism Allelic frequency (n = 105)

5 previously identified common SNPs19) was also asso-
ciated with SAR (OR, 3.22). The most significant asso-
ciation with high IgE levels and specific sensitization
(ORs, 3.96 and 4.12; P = .001 and .005; Table 1V) was

Promoter 1, 656G 35.7% . . . N
Promoter 1. —607C 40 3‘7Z observed for the newly identified variant —133G in the
Promoter 1, —137C 28.3% promoter 2 reg¥OI.1. ) )

Exon 1, 113G 27.4% In our association studies we included only the oldest
Exon 1, 127T 25.9% child of the family to gain a population of genetically
Promoter 2, ~920C 10.3% independent individuals and to optimize the discrimina-
Promoter 2, 133G 30.3% tion between affected and nonaffected individuals. This
Promoter 2, 132G 28.2%

Percentages given represent the allelic frequencies of the polymorphic al-
leles that differ from the published wild type.

3.27-3.96; Table 1V). Regarding specific sensitization to
common allergens (grass pollens, birch pollens, house
dust mite, and cat dander), SNPs in exon 1 (127T) and
promoter 2 (-133G) were significant (P = .008 and .005,
respectively; ORs, 3.83 and 4.12, respectively; Table IV).
The SNP 127T in exon 1 was also the strongest predictor
for SAR (P = .008; OR, 3.22). SNPs —607C in promoter
1, =920C in promoter 2, and —132G in promoter 2 were
not associated with atopic phenotypes.

DISCUSSION

We identified 5 new SNPs in the /LI8 gene. Three
SNPs are likely to be of functional importance and are
located in promoter 2 (upstream of exon 2), and one of
them (-133G) was highly significantly associated with
high IgE levels and specific sensitization to common
allergens in this well-characterized white population. In
addition, one SNP in exon 1 (127T) of the IL18 gene (of

age group therefore represented the most reliable test
population, eliminating the possibility of sensitization
being not yet detectable.

Recently, the regulatory elements of both IL-18 pro-
moters have been investigated by means of 5" serial dele-
tion and site-directed mutation. These studies revealed
that an IFN consensus sequence-binding protein binding
site is critical for the activity of promoter 1 (upstream of
exon 1) and that a PU.1 binding site is essential for pro-
moter 2 (upstream of exon 2, bearing the ATG start
codon).27:28 Activity of promoter 1 was found to be
upregulated in activated macrophages and T cells, where-
as activity of promoter 2 was constitutively detectable.?9
Possible associations and functional implications have
yet to be examined.

The most important polymorphism in promoter 1,
—137(glc), is situated in a GATA3 binding site. GATA3
has been proposed to be responsible for specifically
inducing the very broad Ty2 phenotype.393! The most
important polymorphism in promoter 2, —133(c/g), is sit-
uated in an NF-1 binding site. NF-1 is supposed to acti-
vate the transcription of a number of immune regulatory
proteins, such as TNF receptor 2, transforming growth
factor B1, or IL-1p.32:33 Concerning functional interpre-
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TABLE IV. Association results with /L78 polymorphisms
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Specific sensitization IgE >100 kU/L SAR
Polymorphisms OR cl P value OR Cl P value OR Cl P value
Promoter 1, -656G* 2.97 1.13/7.85 .03 2.37 1.02/5.49 .04 2.16 0.88/5.27 .09
Promoter 1, -607C 1.34 0.50/3.57 .56 1.16 0.49/2.76 75 0.58 0.24/1.42 23
Promoter 1, —-137C* 3.40 1.23/8.40 .02 3.65 1.54/8.63 .003 2.72 1.16/6.38 .02
Exon 1, 113G* 3.27 1.23/8.68 .02 3.27 1.42/7.53 .005 2.56 1.10/5.95 .03
Exon 1, 127T* 3.83 1.40/10.46 .008 3.90 1.64/9.25 .002 3.22 1.36/7.63 .008
Promoter 2, -920C 0.86 0.29/2.57 78 0.44 0.17/1.19 A1 0.46 0.15/1.42 18
Promoter 2, -133G* 4.12 1.54/11.03 .005 3.96 1.69/9.30 .001 2.37 1.02/5.51 .05
Promoter 2, -132G 0.48 0.18/1.31 15 0.99 0.44/2.24 97 0.80 0.35/1.83 .60

Calculations for the phenotype-specific sensitization with 72 affected and 33 control patients, for the phenotype total serum IgE value of higher than 100 kU/L
with 65 affected and 40 control patients, and for the phenotype SAR with 25 affected and 80 control patients. A P value of less than .05 was considered signif-

icant.

*Significant associations were seen for —656 in promoter 1, —137 in promoter 1, 113G in exon 1, 127T in exon 1, and —133G in promoter 2.

tations, one should, however, bear in mind that substan-
tial linkage disequilibrium between all variants in the
IL18 gene was found. This might reflect a functional link
between presence of a combination of SNPs. Thus gene
expression of IL-18 seems to be extremely complex, tak-
ing into account the existence of 2 promoters and differ-
ent protein forms of IL-18.34 Given the biologic function
of IL-18, gene-gene interactions could also be relevant,
as shown before between polymorphisms in the genes
encoding IL-13 and the IL-4R o subunit.35

Previous results detected increased IL-18 concentra-
tions in various atopic diseases, such as atopic dermati-
tis, allergic rhinitis, and asthma exacerbation.5.13-15
Additionally, a strong correlation between IL-18,
eosinophils, and allergic inflammation in the human lung
could be demonstrated.3¢ Our results might therefore
suggest a link between higher IL-18 levels in subjects
with atopic diseases and nonrandom overtransmission of
SNPs in the ILI8 gene. Because IL-18 enhances Ty2
cytokine production (IL-4 and IL-13) and upregulates
IgE production, SNPs in the /L/8 gene might be relevant
in inducing the very broad Ty2 phenotype observed in
atopic subjects.

We conclude that IL-18 might be responsible for the
linkage effects seen in the chromosomal region 11q22. In
earlier work, linkage was mainly found with the pheno-
type “sensitization to mite allergen.”16 Moreover, Kop-
pelman et all7 recently also found evidence for linkage of
the chromosomal region 11922 with atopy in a genome-
wide search. We extend these observations by identifying
polymorphisms in the /LI/8 promoter region that are
associated with high IgE levels, specific sensitization to
common allergens, and SAR. Therefore our finding of 8
common SNPs that are likely to be of functional impor-
tance strengthen a suspected direct role of IL-18 in the
pathogenesis of atopy.

We thank all the individuals who participated in our study and
Tatjana von Massenbach for technical assistance. The information
on the variants and their association with atopy and asthma has been
forwarded to MIM in Online Mendelian Inheritance in Man
(OMIM): info@ncbi.nlm.nih.gov.
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