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Abstract, We identified a novel heterozygous single-nucleotide
substitution 1400 T-C (Leu 467 Pro) in the seventh exon of
the interferon-y receptor 1 (IFNGRI) gene. This substitution
was detected in 6 of the 89 allergic patients but not in the 72
non-allergic subjects. There was a difference in the L467P
frequency between the allergic patients and the non-allergic
subjects (Fisher's exact test: p=0.033). The 6 patients with
L467P have allergic diseases such as bronchial asthma and/
or allergic rhinitis. Furthermore, a familial analysis for
L467P revealed a linkage between allergic diseases and
L467P. Serum IgE levels of the patients with L467P were
higher than those of the non-allergic subjects (p=0.001). Our
previous studies have been shown that interferon-y (IFN-y)
production by PBMCs in the allergic patients was lower than
that in the non-allergic subjects. In this study, although IFN-y
production in the allergic patients with L467P was equivalent
to that in the non-allergic subjects, their serum IgE levels
were high and they had allergic diseases. Our results suggest
that some allergic patients have IFNGR dysfunction, and that
L467P in the IFNGRI gene is one of candidate susceptibility
genes for allergic diseases,

Introduction

Susceptibility to allergic diseases such as bronchial asthma
(BA), atopic dermatitis (AD) and allergic rhinitis (AR) is
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determined by the interaction between an unknown number
of genetic and environmental factors (1). Single-nucleotide
substitutions in several genes have been reported to be
associated with allergic diseases (2,3).

Interferon-y (IFN-y) plays an important role in allergic
diseases. IFN-y produced by Th1 cells inhibits Th2 responses
through its binding to interferon-y receptors (IFNGR1 and
IFNGR2) and inhibits interleukin-4 (IL-4)-induced IgE
production {4). Hence, 2 dysfunction of the IFN-y signal
pathway may lead to acceleration of Th2 responses.

The loci of the IFNGRI and IFNGR2 genes are on
chromosomes, 6q23-24 and 21922, respectively, and both
loci have been associated with allergic diseases based on a
genome-wide search (5). We hypothesized that the IFNGRI
and JFNGR2 genes are candidate susceptibility genes for
allergic diseases.

We previously reported that the serum IgE level was
negatively correlated with JFN-y production by peripheral
blood monoenuclear cells (PBMCs), and that IFN-y production
by interleukin-12 (IL-12)-stimulated PBMCs in an allergic
group was lower than that in a non-allergic group (6,7). More-
over, in some allergic patients, the reduced IFN-y production
following stimulation with IL-12 was associated with the
heterozygous interleukin-12 receptor 82 (IL-12R B2) mutation
(8). We also reported that the predominant expression of
950delCAG of interleukin-18 receptor a (IL-18R a) chain
cDNA was associated with reduced IFN-y production following
stimulation with interleukin-18 (IL-18) and with high serum
IgE levels in some allergic patients {(9,10).

Herein, we report that a novel single-nucleotide substitution
1400 T—~C (Leu 467 Pro) in the JFNGRI gene is associated
with allergic diseases.

Materials and methods

Patients and control subjects. Eighty-nine allergic patients
(56 males and 33 females; mean age + 1SD, 10.8£9.8 years
old; BA: 44, AD: 22, AR: 15, BA and AD: 7, BA and AR: 1)
and 72 non-allergic subjects (37 males and 35 females; mean
age * 15D, 10.4113.1 years old) were studied. The allergic
patients were selected based on having major allergic diseases
such as BA and/or AD and/or AR. The diagnosis of BA was
made according to the criteria of the American Thoracic
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Table I. Sequence of oligonucleotides for PCR.

AOKI ez al: Leu 467 Pro ASSOCIATED WITH ALLERGIC DISEASE

Primer Sequence Position Size of the amplified  Annealing
fragment (bp) Temp. (°C)
IFNGR1 ! Forward: - TAGCAGCATGGCTCTCCTCTT-3' -1-552 559 54
Reverse: 5-CTGGATCTCACTTCCGTTCA-3
IFNGR1 2 Forward: 5-TGTAAATGGAGACGAGCAGG-3' 453-970 518 55
Reverse: 5-CTTCACAGACCACCTCCITT-3¥
IFNGR1 3 Forward: 5'-CGTCATACCAGCCAI TTTCC-3' 926-1490 565 54
Reverse: 5-TTGGTGCAACTTAGCTGATC-3
IFNGR2 1 Forward: 5-TGCGCTCGCCATGGCGGTTIT-3' -99-570 669 56
Reverse: 3-GCCTTTGACCTGTTGGATTC-3'
IFNGR2 2 Forward: 5-“TGATACCTCCACGGCCTTTT-3 498-1063 566 54

Reverse: 5-ATGGCTTGATCTCTTCCAGG-3Y

Society, that of AD according to the criteria of Hanifin (11)
and that of AR according to the criteria of Skoner (12) and
Dykewicz et al (13). The non-allergic subjects were healthy
and did not have a history of allergic diseases. All of the
subjects were randomly selected among patients in our hospital,
Informed consent was obtained from all subjects or their
parents.

Cell preparation. PBMCs were isolated from the heparinized
blood of the non-allergic subjects and allergic patients by
gradient centrifugation in Ficoll-Paque (Pharmacia, Uppsala,
Sweden). PBMCs were suspended at a density of 10%ml in
RPMI 1640 medium supplemented with 10% heat-inactivated
fetal calf serum, 2 mmol/l L-glutamine, 100 U/ml penicillin
and 100 pg/m! streptomycin.

Cell culture. PBMCs (10¢/ml) were cultured in the presence or
absence of 10 pg/ml phytohemagglutinin (PHA; Gibco BRL,
Grand Island, NY, USA), 5 IU/ml recombinant human IL-12
(R&D Systems, Inc., Wiebaden, Germany) or 400 ng/ml
recombinant human IL-18 for 24 h in a final volume of 1 mi
in a round-bottom tube (Falcon 2059, Becton Deckinson
Labware, Franklin Lakes, NJ, USA) at 37°C in a humidified
atmosphere containing 5% CO,. The recombinant human
IL-18 used had been prepared in our laboratory using an
Escherichia coli expression system (according to an un-
published method developed by Kato ef al). The endotoxin
level of the recombinant human IL-18 was <0.1 pg per pg of
the protein.

Detection of single-nucleotide substitution in the IFNGRI gene.
RNA was extracted from PBMCs cultured in the presence
of PHA for 24 h using an Isogen kit (Nippon Gene, Tokyo,
Japan). Fragments of IFNGR! (Gene Bank accession no.
J03143) and IFNGR2 (Gene Bank accession no. UQ5877)
cDNAs were amplified and sequenced using an ABI 377 DNA
sequencer (Applied Biosystems, CA, USA). The conditions
for the PCR and the used primers are shown in Table I,

Genomic DNA was extracted from neutrophils with a Sepa-
gene kit (Sanko Junyaku, Tokyo, Japan). The seventh exon of
the IFNGR! gene {Gene Bank accession no. AL050337) was
amplified and sequenced using an ABI 377 DNA sequencer.
For concise detection of L467P, we designed a modified
PCR technique of introducing the EcoRIl site in the mutant
fragment using the following mismatch primers: a sense primer
5-BBAGGACAAGAGCTCATAACCG-3' and an anti-sense
primer 5-HUTTACCGCTATCATCCCCA-3'. The PCR
products were electrophoresed on a 20% polyacrylamide gel

following EcoRIl (Wako, Tokyo, Japan) digestion at 37°C

for 1 h.

IgE assay. Plasma samples obtained from heparinized blood
were stored at -30°C. Plasma IgE levels were determined by
chemiluminescent enzyme immunoassay. The values obtained
were regarded as the serum IgE levels. The levels of specific
IgE antibodies for house dust, mite, cedar pollen, cow's milk
and hen's egg were measured by the fluoroenzyme immuno-
assay using a Uni-Cap assay kit (Pharmacia, Uppsala, Sweden).

Assays for cytokine. Culture supernatants in the test tubes
incubated for 24 h were spun to remove cells after the
cultures. [FN-y concentrations in supernatants of cell culture
were measured with a human IFN-y enzyme-linked immuno-
sorbent assay (ELISA) kit (Ohtsuka, Tokyo, Japan); the
detection Hmit was 15.6 pg/ml.

Immunoprecipitation for phosphorylated STAT]. PBMCs of
allergic patients and non-allergic subjects were stimulated
with IFN-y (10? IU/ml) or control culture medium for 15 min.
Cells were lysed in a solution containing 1% Triton X-100,
150 mM NaCl, 20 mM Na,PO,, 1% aprotinin, 5 mM PMSF,
100 mM NaF and 2 mM Na,VO,, and were immuno-
precipitated with mouse antisera for STAT1 (Santa Cruz
Biotechnology). Precipitates were resolved by SDS-poly-
acrylamide gel electrophoresis (SDS-PAGE). After transferring
the fractionated products to a nitrocellulose membrane, blots
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were probed with antibody for phosphotyrosine. Equal loading
of STAT1 was confirmed by stripping the same membranes
and reprobing them with the antiserum for STATI.

Statistical analyses. The significance of difference between
groups was analyzed by the Mann-Whitney U test. Distribution
of the genotype of L467P in the IFNGRI gene was analyzed
by the Fisher's exact test. Probability (p) values <0.05 were
considered statistically significant.

Results

LAGT7P in the IFNGRI gene. IFNGR! and IFNGR2 cDNAs
from allergic patients were sequenced. We identified a novel
heterozygous single-nucleotide substitution 1400 T-C (L467P)
in IFNGR! ¢DNA in some of the allergic patients. This
substitution was also detected in the genomic DNA (Fig. 1A).
We determined the prevalence of L467P in the IFNGR! gene
in the allergic patients and non-allergic subjects by direct
sequencing (Fig. 1B) and confirmed it by the restriction
enzyme assay (Fig. 1C). We designed a mismatch primer to
introduce the EcoRII site into the mutant fragment. A fragment
amplified by PCR was incubated at 37°C with EcoRII for 1 h
and was electrophoresed on a 20% polyacrylamide gel. The
normal and mutant alleles were detected as a 98-bp band and
a 78-bp one, respectively (Fig. 1C).

L467P was found in 6 (6.7%) of the 89 allergic patients.
However, L467P could not be detected in the 72 non-allergic
subjects, There was a difference in the L467P frequency
between the allergic patients and the non-allergic subjects
(Fisher's exact test: p=0.033) (Table II). The clinical features
of the allergic patients with L467P are shown in Table III
All the patients with L467P have allergic diseases.

Genetic analysis for L467P in atopic families. The linkage of
L467P to allergic diseases was investigated in two families
(Fig. 2). In family 1, II-4 was the proband with L467P and
suffering from BA. L467P was inherited from the father (I-1)
with AR. The elder brother (II-3) with BA and AR also had
this substitution. In family 2, II-8 was the proband with BA.
L467P was inherited from the father ([-5) with AR. There
was a clear linkage between allergic diseases and L467P,

Associations of LA67P and total serum IgE levels or specific
IgE levels. The total serum IgE levels of the patients with
L467P (mean, 128.8 IU/ml; range, 45.3-366.4 IU/ml) were
higher than those of the non-allergic subjects (mean, 19.4 IU/
ml; range, 6.8-56.2 IU/ml) (p=0.001). The total serum IgE
levels of the patients without L467P (mean, 446.7 IU/ml;
range, 75.3-2648.5 1U/ml) were higher than those of the non-
allergic subjects (p<0.0001). There was no difference between
IgE levels of the patients with L467P and those of patients
without L467P (p=0.112) (Fig. 3). Five of the 6 patients with
L467P had high levels of specific IgE for inhalant antigens
such as house dust and mite (Table III).

IFN-y production by PBMCs. To examine functiona! effects
of LAG7P in the IFNGRI gene, we measured [FN-y production
by PBMCs following their stimulation with IL-12, IL-18 or
PHA in all of the allergic patients and non-allergic subjects.
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Figure 1. Detection of L467P in the JFNGRI gene. (A), Stucture of {fFNGR!
gene and position of L467P. The IFNGRI gene consists of seven exons. Exon
1-exon 5 encode the receplor extracellular domain. Exon 6 encodes a small
portion of the membrane proximal regions of the extracellular domain and
the transmembrane domain, Exon 7 encodes the entire intracellular domain.
LA67P is located in exon 7 of the IFNGRT gene. (B), DNA sequence data of
L467P. The data of a patient without L467P is shown on the left and the
data of a patient with L467P is shown on the right. (C), Concise detection of
LAGTP. We designed a mismatch primer to introduce the EcoRI1 site into the
mutant fragment. A fragment amplified by PCR was incubated at 37°Cfor 1 h
and was electrophoresed on a 20% polyacrylamide gel. The normal and mutant
alleles were detected as a 98-bp band and a 78-bp one, respectively. Lanes 1-2,
patients with L467P, Lanes 3-4, patients without LAG7P.

The IFN-y production in the allergic patients without L467P
was significantly lower than that in the non-allergic subjects
(Fig. 4). Our previous studies have been shown that IFN-y
production in the allergic patients was lower than that in the
non-allergic subjects. However, there was no difference in
IFN-y production between the allergic patients with L467P
and the non-allergic subjects (Fig. 4).
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Table II. Distribution of genotype of L467P in the /FNGRI gene.

AOKI et al: Leu 467 Pro ASSOCIATED WITH ALLERGIC DISEASE

Genotype Non-allergic subjects Allergic patients Total p-value
{n=72) (%) (n=89) (%) (n=161) (%)
CTT (Leu}/CTT (Leu) 72 (100} 83 (93.3) 155 (96.3) 0.0332
CTT (Leu)/CCT (Pro) 0(0) 6(6.7) 6(3.7
CCT (Pro)/CCT {Pro) (LN (1)] HI(0)] 0
“Statistical analyses were performed by the Fisher's exact test.
Table I The clinical features of the allergic patients with L467P,
RAST scores
Patient Allergic Serum IgE
diseases levels (IU/ml) House dust Mite Cedar pollen Cow's milk Hen's egg
i BA 3405 4 4 5 0 0
2 BA 317.0 5 5 3 )] 0
3 BA 150.0 4 4 0 0 0
4 BA 127.6 4 4 0 1 1
5 BA 115.0 5 4 0 0 0
6 BA, AR 19.0 0 0 0 0 0
Non-allergic subjects mean 19.5
{range) (6.8-56.2)
P=0.001**
Family 1 Family 2
i 2 5 6 P<0.0001** P=0.112
Iu
AR AR 1gE (IU/mL) | iR |
.
4
10000 1 ™
Figure 2. Genetic analysis for L467P in two atopic families. Family 1: Il -4 1000 -
was the proband with the heterozygous LAGTP and BA. Her father (I-1) had
the homozygous L467P and severe AR, Her brother (11-3} with AR and BA P
also had the heterozygous L467P. Family 2: I1-8 was the proband with the
heterozygous LAG7P and BA. His father (I-5) had the heterozygous L467P 100 1 8-
and AR. We could not get informed consent from his sister (11-9),
{ .
10 1 »
Phosphorylation of STAT! in PBMCs. The IFNGR siganal is *
transduced by STAT]1 phosphorylation. Therefore, we 0 : . T T
analyzed whether L467P in the IFNGRI gene affects ool gyl s

phosphorylation of STAT1 in PBMCs. As shown in Fig. 5,
IFN-v stimulation (10° IU/m]) gave a similar level of phospho-
rylation of tyrosine residues in STAT! in PBMCs from the
allergic patients with L467P and non-allergic subjects. These
data suggest that LA67P in the JFNGRI gene have no effect
on phosphorylation of STATI in PBMCs stimulated with
IFN-y.

Figure 3. Relationship between LAGTP in the JFNGRI gene and total serum IgE
levels. Serum IgE levels of the allergic patients with L467P were significantly
higher than those of the non-allergic subjects without LAGTP (p=0.001™).
Serum IgE levels of the allergic patients without L467P were significantly
higher than those of the non-atlergic subjects withoul L467P(p<0.0001%).
There was no difference between IgE levels of the patients with LA67P and
those of paticnts without L467P (p=0.112). A bar indicates a genometric mean.
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Discussion

Through the linkage and association studies, a number of
putative atopy genes have been identified. Some major Th2
cytokines and their receptor genes, such as the IL-4 promoter,

IL-4 recepror and IL-13 genes, were reported to be associated .

with allergic diseases or high serum IgE levels (3,14,15).
On the other hand, Thl cytokines and their receptor genes,
such as the IL-12 receptor, IL-18 receptor and IFN-y genes
were also reported to be associated with allergic diseases
(2,8,10,16,17).

IFN-y, a major cytokine from Thl cells, directly suppresses
IgE synthesis (18,19). IFN-y exerts its various biologic effects
through its binding to the cell-surface ligand-binding chain
IFNGRI1 in combination with its signaling chain, IFNGR2
(20-23). There are common polymorphisms in the IFNGRI
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Figure 4. Relationship between L467P in the IFNGRI gene and IFN-y
production by PBMCs. (A), Relationship between L467P in the JFNGRI gene
and IL-12-induced IFN-y production. [FN-y production was lower in the
allergic patients without L467P than in the non-allergic subjects (p=0.039").
However, there was no difference in IFN-y production between the allergic
patients with L467P and the non-allergie subjects (p=0.638). A bar indicates
a genometric mean. (B), Relationship between L467P in the IFNGRI pene
and IL-18-induced IFN-y production. IFN-y production was significantly
lower in the allergic patients without L467P than in the non-allergic subjects
(p=0.024"). However, there was no difference in IFN-y production between
the allergic patients with LAG7P and the non-allergic subjects (p=0.446). A
bar indicates a genometric mean. (C), Relationship between LA67P in the
IFNGRI gene and PHA-induced IFN-y production. IFN-y production was
significantly lower in the allergic patients without L467P than in the non-
allergic subjects (p=0.008"). However, there was no difference in IFN-y
production between the allergic patients with L467P and the non-allergic
subjects (p=0.511). A bar indicates a genometric mean.

(Val 14 Met) and IFNGR2 (GIn 64 Arg) genes (24,25). Gao
et af reported that there is an association between such common
polymorphisms and total serum IgE levels in the British
population, but not in the Japanese population (24). Nakao
et al also showed that such polymorphisms are not associated
with atopic asthma in the Japanese population (25).

In this study, we identified a novel single-nucleotide
substitution 1400 T—C (L467P) in the seventh exon of the
IFNGRI gene. All patients who had L467P substitution
suffered from BA or AR or both. These results showed that
L467P in the IFNGRI gene might have associated with the
phenotype of allergic diseases such as BA or AR. Furthermore,
a familial analysis for L467P revealed a linkage between
allergic diseases and L467P.

To examine the functional effects of L467P in the IFNGR]
gene, we measured total serum IgE levels, specific IgE levels
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Figure 5. Phosphorylation of STAT1 in PBMCs. PBMCs from the patients of family 1 and non-allergic subject were cultured with or without IFN-y (10? {U/ml)
for 13 min. Cell lysates were immunoprecipitated with an anti-STATT1 antibody, and resolved by SDS-PAGE; fractionated products were transferred to a nitro-
cellulose membrane, and blotted with anti-phosphotyresine of STAT1 (upper) or aati-STATI (lower) antibodies. A clear band was detected on the blots with the
antibody against phosphotyrosine of STAT! in PBMCs from the non-allergic subject stimulated with IFN-y. The same bands were shown on the blots with the
antibedy against phosphotyrosine of STAT! in PBMCs from the allergic patients with L4G7P stimulated with IFN-y.

and IFN-y production by PBMCs following stimulation with
IL-12, IL-18 or PHA in all of the allergic patients and non-
allergic subjects. L467P was found to be associated with high
total serum IgE levels and high levels of specific IgE for
inhalant antigens such as house dust and mite. Generally,
IFN-y production by PBMCs in the allergic patients was
reported to be lower than that in the non-allergic subjects
(6,7,9,26). A decrease in the IFN-y production leads to the
predominance of Th2 cells over Thl cells, which leads to the
inability of B-cells to suppress IgE production, subsequently
resulting in an increase in the serum IgE levels. In this study,
in spite of the IFN-y production in the allergic patients with
L467P was not lower than that in the non-allergic subjects,
their serum IgE levels were high and they exhibited allergic
symptoms. These data suggest that this heterozygous L467P
in the JFNGRI may affects the cellular response to IFN-y by
the dominant negative effect (27) and causes an increased
susceptibility to allergic diseases although sufficient IFN-y
production in some allergic patients.

The intracellular domain of the JFNGRI gene contains
two functionally important regions (28). First, 2 membrane
proximal region that includes an LPKS sequence that
participates in the binding of JAK! to IFNGRI required for
ligand processing and biclogic responsiveness. Second, a
region spanning the carboxyl-terminal 39 amino acids that
are necessary for biologic responses; this region includes a
YDKPH sequence that, when phosphorylated, forms the
STATI1 docking site on IFNGR1. L467P exists in this
functionally important region of the IFNGRI gene and is
located only six amino acids downstream of the STAT1
docking site. Our study showed that the LA67P in the IFNGR!
gene dees not affect STAT! phosphorylation. Therefore,
L467P may affect B-cell functions that are affected by [FN-y

stimulation via a route other than STAT1 phosphorylation
(29,30). It is necessary to further study how L467P affects
the IFNGR function.

Severe heterozygous frame-shift mutations (818del4 or
818delT) or homozygous missense mutations of the IFNGRI
gene were identified as the cause of susceptibility to myco-
bacterial infection (MIM 209950) (31-33). These heterozygous
frame-shift mutations of the IFNGR! gene were reported to
suppress signal transducticn of IFNGR1 by the dominant
negative effect and cause an increased susceptibility to
mycobacterial infection. L467P has not been reported to be
associated with this disorder and, in this study, none of the
patients with L467P were susceptible to mycobacterial
infection. Different nucleotide substitutions in the /JFNGRI
gene may result in different disease phenotypes, such as
immune deficiency and allergic diseases.

Our study showed that the IFNGR! gene might be one
of the candidate susceptibility genes for allergic diseases
and L467P in the IFNGR! gene is associated with allergic
diseases.
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Summary

Background 1L-18 has been shown to exert anti-allergic or allergy-promoting activities, but the
existence of genetic polymorphisms in the coding regions of IL-18 gene has not been demonstrated.
Objective The aim of this study was to investigate whether polymorphism is present in the coding
regions of the IL-18 gene and, if so, to further analyse the association between polymorphism and
asthma in a case-control study.

Methods We screened the coding regions of the IL-18 gene for polymorphisms by using PCRsingle-
stranded conformation polymorphism and direct sequencing of PCR products, followed by analysis
of the association between polymorphism and asthma.

Results 'We identified one polymorphism (105A/C) in the coding regions. The frequency of the
105A allele was significantly higher in asthmatic patients than in controls (P<0.01; odds ratio
(OR) = 1.83 (1.37-2.26)). Significant linkage disequilibrium was observed between the 105A/C and
= 137G/C polymorphisms in the 5’ flanking region of the IL-18 gene (D =0.58, P<0.0001).
However, in asthmatic patients the 105A allele was not associated with either total serum IgE or IL-
18 levels.

Conclusion The 105A/C polymorphism of the 11-18 gene may be associated with the pathogenesis

of asthma.

Keywords asthma, JL-18, polymorphism
Submitted 5 August 2002; revised 15 January 2003; accepted 3 May 2003

Introduction

The IFN-y-inducing cytokine IL-18 has been shown to exert
innate as well as cellular immunity through both NK
activation and Thl induction by acting on the responding
cell population {1-4]. It also has an inhibitory effect on IgE
synthesis by directly acting on B cells when stimulated with
IL-12 through the induction of endogenous IFN-y {5} In
contrast, it was found that IL-18 directly stimulates IL-4 and
histamine release from basophils [6],.IL-13 production by NK
and T cells [7], induces naive T cells to differentiate into Th2
cells [8] and enhances IL-8 production by eosinophils [9].
These findings indicate that IL-18 has both anti-allergic and
allergy-promoting effects [10].

Excess of IL-18 production was recently found in patients
with allergic diseases, including asthma and atopic dermatitis
[11-15]. Since IL-18 also increased in patients with other
diseases in which a predominance of Thl cells may play an
important role [16-20], it remains to be clarified whether IL-
18 has a positive or negative function at the onset or
development of allergic diseases. In order to identify the
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genetic determinants for asthma, we examined whether or not
polymorphisms occur in the coding regions of the IL-18 gene
and, if so, what the relation is between polymorphism and
asthma. In fact, one silent polymorphism (A/C) located at the
105th nucleotide initiating from ATG was identified in the
coding regions of the IL-i8 gene. The frequency of this
polymorphism in controls significantly differed from that in
patients with asthma, indicating an association of IL-18-
105A/C with asthma.

Materials and methods

Subjects

A total of 221 asthmatic children 1-18 years of age, 276
asthmatic adults 18-78 years old and 85 adult controls
without any past or current allergic diseases, including
asthma, atopic dermatitis and pollen's diseases, were enrolled
in the study., Asthma was diagnosed on the basis of the
American Thoracic Society guidelines. Classification of
asthma severity was judged by global strategy for asthma
management and prevention. Four hundred and seven
asthmatic patients showed total IgE concentrations above
200 IU/mL or specific sensitization to major allergens such as
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‘house dust mite, dog and cat, and classified into atopic type
of asthma. A full verbal and written explanation of the study
was given to the parents of the asthmatic children or
asthmatic adults and written informed consent was obtained.
The study was approved by the relevant ethical committees in
accordance with the guidelines for the management of genetic
studies.

Screening for polymorphisms in the coding regions of the
IL-18 gene

Total RNA was extracted from peripheral blood mono-
nuclear cells by using RNAzol (Biotecx, Houston, TX, USA)
according to the manufacturer’s instructions. The extracted
RNA was then dissolved in DEPC water and its concentra-
tion was measured with a spectrometer. The coding region of
the IL-18 gene spanning exons 3-7 was amplified by RT-PCR
according to the manufacturer’s protocol (Perkin-Elmer
Cetus Co., Norwalk, CT, USA). The ¢cDNA was atnplified
by PCR in the presence of 180 kBq (2-**P)-dCTP (Amersham
Pharmacia Biotech UK Ltd., Buckinghamshire, UK). PCR
conditions were as follows: 94°C, 1min; 63°C, 1 min; and
72°C, 1 min for 36 cycles. The primers used for amplification
of the coding region of IL-18 spanning exons 3-7 were: sense,
ATG-GCT-GCT-GAA-CCA-GTA-GA; anti-sense, AGC-
TAG-TCT-TCG-TTT-TGA-ACA-G. The product was then
digested with the AMfspl restriction enzyme (Toyobo Co.,
Osaka, Japan) at 37°C for 4h and examined for the presence
of polymorphisms by single-stranded conformation poly-
morphism (SSCP) analysis [21].

DNA sequencing

PCR products were purified from the gel and DNA
sequencing was performed according to the protocol for the
dye terminator cycle sequencing FS ready reaction kit
(Applied Biosystems, Osaka, Japan). Briefly, the amplifica-
tion of the coding region of IL-18 cDNA for sequencing was
performed in 25 cycles of denaturation for 10s at 96°C,
annealing for 5s at 50°C and extension for 4 min at 60°C by
using the dye terminator cycle sequencing F'S ready reaction
kit (ABI) and the 2400 Thermal cycle and 377 sequencer
(Perkin-Elmer Cetus).

Genotyping

Genomic DNA was extracted from peripheral blood leuco-
cytes by means of the QIA prep Spin (Qiagen Gmbh, Hilden,
Germany). For the PCR, 100ng of DNA was used, and for
the detection of IL-18-105A/C polymorphism, primers (sense,
TGT-TTA-TTG-TAG-AAA-ACC-TGG-AAT-T; anti-sense,
CCT-CTA-CAG-TCA-GAA-TCA-GT) were designed. The
partial coding region of the IL-18 gene was then amplified by
PCR according to the manufacturer’s protocol. PCR condi-
tions were as follows: 94°C, 1 min; 50°C, 1min; and 72°C,
! min for 40 cycles. The PCR product was digested with Tagl
restriction enzyme {Toyobo) at 65°C for 2h and electro-
phoresed on the PAGE gel (Dalichi Pure Chemicals Co., Ltd.,
Tokyo, Japan). The gel was then stained with ethidium
bromide and photographed. In order to examine the
promoter regions, —607C/A and -137G/C for polymorph-
isms, previously reported methods and primers were

employed {22]. The genotype of p2-adrenergic receptor (f2-
ADR)-16 Arg/Gly was determined by using primers {sense,
CGG-GAA-CGG-CAG-AGC-CTT-CTT-GCT-GGC-ACC-
CAC-T; anti-sense, CCG-TCT-GCA-GAC-GCT-CGA-AC),
and the PCR conditions were as follows: 94 °C, 1 min; 60°C,
1 min; and 72°C, 1 min for 40 cycles. The PCR product was
digested with Bbvl (Toyobo) at 37°C for 2 h.

Measurement of IL-18

Serum concentrations of IL-18 were measured by means of
ELISA assays (IL-18 ELISA kit, MBL, Nagoya, Japan).

Statistical analysis

The frequerncies of alleles were calculated by counting. Data
were analysed with MedCalc and Arlequin software and the
Hardy-Weinberg equilibrium was determined be means of
the x* goodness-of-fit test. Fisher's exact test was used to
detect differences in allele distribution between the groups,
and the exact-test-of-population differentiation was used to
determine whether the genotypic composition of the groups
was significantly heterogeneous. The odds ratio (OR) was
calculated by means of logistic regression, and the confidence
interval (CI) was calculated at the 95% level. The maximum
likelihood estimates of relative linkage disequilibriums
between 105A/C and —607C/A or —137G/C were calculated
according to the methods of Thompson et al. [23]. Statistical
significance was assumed for P-values less than 0.05.

Results

A novel polymorphism, 105A/C, in the coding regions of
the IL-18 gene

It has been recently shown that IL-18 concentrations in the
sera from patients with asthma and atopic dermatitis are
elevated [11-15). As shown in Fig. 1, we could confirm that
the serum IL-18 levels for the patients with asthma were
higher than for controls. Specifically, the average level of
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Flg. 1. Increased serum levels of IL-18 in patients with asthma.
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serum IL-18 for patients with asthma was 221 pg/mL, which
was significantly higher than for the controls (128 pg/mL)
(P<0.0001). In order to determine whether this up-regulation
of IL-18 levels in asthmatic patients was associated with
genetic polymorphisms or whether IL-18 might play a
positive or negative role at the onset of asthma, we examined
the coding regions of the IL-18 gene for the existence of
polymorphisms. The translational coding region spanning
exons 3-7 was amplified through RT-PCR of 30 different
samples. The existence of polymorphisms was then verified by
SSCP analysis. Fig. 2 shows the results. A predominant band
was obtained from most of the samples, as well as another,
more slowly migrating band from some of them. The
sequence analysis of the PCR products identified a novel
polymorphism (A/C) at the 105th site counting from ATG,
but this polymorphism was silent.

IL-18-105A allele was associated with asthma

Next, the frequency of this polymorphism was studied in 497
asthmatic patients and 85 controls by PCR as shown in Fig.
2. Table 1 demonstrates that the frequency of the A allele for

ATG------- CTIGGAATC A/C GATTAC---eae
L E S D Y

genotype A/A AJA A/C A/C A/A A/A C/C

Fig. 2. IL-18-105A/C polymorphism RT-PCR-SSCP analysis of coding
regions of the IL-18 gene. The coding region spanning exons 3—7 was
amplified by RT-PCR and then digested with Mspl. The products were then
electrophoresed. Direct sequencing of the PCR products determined the
existence of polymorphism located at the 105th site, A/C. Genotyping of fL-
18-105A/C by RFLP-PCR.

patients with asthma was 0.891, which was significantly
higher than that for controls (0.818) (P <0.01}). The OR of
carrying one of the two A alleles vs. none was calculated as
1.83. This OR increased substantially to 1.92 for the data
from asthmatic children (Table 2). This result demonstrates
that the IL-18-105A/C polymorphism is associated with
asthma. In order to exclude that this significance is due to
the chance of population admixture, allele frequencies of f2-
ADR-16-Arg/Gly were measured. The frequency of Arg allele
for patients with asthma was similar to that from controls.
We also examined the association of IL-18-105A/C poly-
morphism with the current severity of asthra and with atopic
status. However, we failed to observe an association between
the genotype and severity or atopic status (Table 2).

Linkage disequilibrium between 105A/C and -137G/C
promoter polymorphism

Polymorphisms in the promoter region of the IL-18 gene have
recently been identified [22). The changes from C to A at
position —607 { — 607C/A) and from G to C at position —137
( — 137G/C) were found to affect the transcription of the IL-
18 gene. We next tried to determine whether there was a
linkage disequilibrium between the coding polymorphism
105A/C and —607C/A or -137G/C. Table 3 shows the
pairwise analysis of the polymorphisms, indicating a sig-
nificant disequilibrium between 105A/C and -137G/C, and
between 105A/C and —607C/A. A linkage disequilibrium
between 105A/C and —-137G/C (D =0.575, P<0.0001) was
more significantly observed than that between 105A/C and
—607C/A (D =0.283, P=0.0034). Finally, we verified the
association of the genotype of 105A/C with serum IgE levels
and IL-18 levels for asthmatic patients, but as shown in
Table 4, no significant relation could be detected.

Discussion

In this study, we identified one polymorphism, 105A/C, in the
coding regions of the IL-18 gene and demonstrated the
association between this polymorphism and asthma, The OR
was 1.83 for the asthmatic phenotype when the allele was A.
Case—control studies are sometimes susceptible to the
population admixture, but the frequency of Arg in patients
with asthma was similar to that from controls. These results
suggest that IL-18 may play a role in the pathogenesis of
asthma, although it remains to be determined as to how the
polymorphism influences the pathogenesis. The linkage
disequilibrium between 105A and — 137G suggests that the
105A allele may be associated with the up-regulation of IL-18

Table 1. Allele and genotype frequencies of IL-18-105A/C polymorphisms in
patients with asthma and cantrots

Asthma Control Asthma Control
Altele (n=497) (n=85 Genotype (n=497) (n=285)
A 0.891 0.818 AA 0.792 0.682
Cc 0.109 D.1B2 AC 0.197 0.27
P=0.0062 cc 0.010 0.047
P=0.0089

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Allergy, 33:1097-1102
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Table 2. Allele frequencies of IL-18-1054/C and S2-ADR-16-Arg/Gly in asthmatic adults and children (upper panel) and allele frequencies of IL-18-105A4/C in
asthmatic pationts classified by severity and atopics (lower panel)

Allele Controt Asthma Aduk Children
IL~18-105A/C

A 139 886 490 396

c 31 108 g2 45

Odds ratio 1.83 1.76 1.82

{ch (1.37-2.26) {1.10-2.82) (1.18-3.10)
Pwalue 0.0062 0.0172 0.0089

F2-ADR-16

Arg 71 484 269 215

Giy a1 506 283 223

Odds ratio 1.08 1.08 1.10

cn (0.78-1.53) {0.75-1.55) (0.76-1.59)
Pvalue 0.6169 0.6588 0.6135
Table 2a

Severity of asthma Type of asthma

Allele Control Intesrmittant Mild to moderate Severg Atopics Non-atopics
A 139 523 206 77 722 164
c N 64 26 g a2 16
QOdds ratio 1.82 1.76 1.91 1.75 2.29
(C1) {1.43-2.31) (1.01-3.08) {0.87—4.18) (1.11-2.75) {1.204.37)
P-value 0.0110 0.0460 0.1058 0.0129 0.0104

Table 3. Combined genotype frequencies of IL-18-105A/C, iL-18-137G/C
and IL-18-607C/A

105A/C
A/A AC c/iC
- 137G/C
G/G 59 0 0 P<0.0001
G/C 1 17 1 n=84
C/c 0 1] ] D=0.575
- B07C/A
cic 16 0 +] P=0.0034
C/A 28 10 1 n=g83
AJA 15 7 6 D=0.283

Linkage disequilibrium between 105A/C and — 137G/C was more significantly
observed than that between 105A/C and — 607C/A.

Table 4. Serum levels of IgE and IL-18 from patients with asthma

IgE (IU/mL) IL—18 (pg/mL)
Genotype
AA 869+ 1852 (n=360) 2204148 (n=57)
AIC 117612973 (n=187) 2244102 (n= 16}
c/IC 127441178 (h=4) ND

Serum levels of IgE and IL-18 were compared with the IL-18-105A/C
genotype.

Resutts are indicated as means + SD. There was no significant difference.
ND = Not determinad.

expression through the —137G allele, although we did not find
an increase in the serum IL-18 levels of asthmatic patients
with the AA haplotype of the 105 polymorphism. A previous
report regarding polymorphisms in the promoter region
showed that the —137G allele enhanced the transcriptional
activity of the IL-18 gene when cells were stimulated with
PMA plus ionomicin, but that there were no significant
differences in promoter activity between —-137G and -137C
alleles in the absence of stimulants {22]. Alternatively, it is
possible that 105A/C, although quiescent, directly affects the
modulation of transcription of the gene or RNA stabilization
[24] or that 105A/C is linked to another polymorphism, which
alters the functional property of IL-18 or its gene regulation.
Further studies are required to clarify these points.

Recently, several lines of in vitro and in vivo studies have
generated contradictory results about the function of IL-18 in
the pathophysiology of allergic discases [10]. The activities of
IL-18, including induction of IFN-y synthesis by T cells or
NK cells and of Thl induction [1-3] as well as inhibition of
IgE production by B cells when expressed together with IL-12
{5}, show that this cytokine may be a negative regulator in
view of the pathogenesis of allergic diseases. However, IL-18
has also been reported to induce the release of both histamine
and IL-4 from basophils (6], and cause Th2 differentiation [8].
The effect of IL-18 on the asthma mouse model thus seems to
be paradoxical, For instance, administration of IL-18 was
found to enhance Ag-induced eosinophils recruitment into the
trachea and bronchoalveolar lavage fluid of sensitized mice in
vivo [25], and to increase Th2 cytokines and airway
eosinophilia in a mouse model of allergic asthma [26]. In

© 2003 Blackwell Publishing Ltd, Clinical and Experimenial Allergy, 33:1097-1102
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contrast, coadministration of IL-12 and IL-18 was shown to
inhibit antigen-induced airway hyper-responsiveness, eosino-
philia and serum IgE levels [27], and IL-18 deficiency to cause
enhancement of allergen-induced eosinophilia accumulation
[28). Although the reasons for such contradictory results
remain to be determined, it is likely that they are related to the
responding cells or to whether or not IL-18 together with IL-
12 acts on the cells. On the other hand, changes in IL-18
properties or expression through genetic polymorphisms could
lead to the exacerbation or suppression of allergic responses.

Polymorphisms in candidate genes have been identified and
associated with asthma [29, 30]. The IL-18 gene is located at
chromosomal region 11q23 [31). Previous studies of genome-
wide research for asthma have demonstrated that the region
of 11q21-24 was linked to asthma phenotype, specific IgE to
a group of common aeroallergens and positive skin test to
house dust mite [32, 33). Candidate genes in this region
include matrix metalloproteinase genes 1, 3and 8, and the §, ¢
and y subunits of CD3. Moreover, the newly identified IL-18-
105A/C polymorphism andjor the previously identified IL-
18-137G/C polymorphism can be considered to be one of
such polymorphisms associated with asthma. We expect that
our observations are going to contribute to an understanding
of the pathophysiology of asthma and result in the establish-
ment of predictive markers for asthma.
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Administration of anti-interleukin 18 antibody fails to inhibit
development of dermatitis in atopic dermatitis-model mice

NC/Nga
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Background Interleukin {IL)-18 has been shown to activate basophils to produce histamine and IL-
4 and to induce naive T cells to differentiate into T-helper (Th) 2 cells. However, when expressed
together with IL-12, IL-18 induces Th1 cell development and inhibits IgE synthesis. Previously we
reported that serum I.-18 levels were elevated in the sera from atopic dermatitis-model mice
NC/Nga, prior to the onset and during the development of dermatitis.

Objectives We studied whether neutralization of IL-18 activity might affect dermatitis in NC/Nga
mice, to investigate the role of IL-18 on dermatitis.

Methods NC/Nga mice were given weekly anti-IL-18 antibody starting at 5 weeks of age to
13 weeks and development of dermatitis, scratching behaviour and serum IgE concentrations were
evaluated.

Results Continuous injections of anti-IL-18 antibody failed to inhibit the onset and development of
dermatitis and IgE elevation. The treatment, rather, tended to lead to an exacerbation of dermatitis
and scratching behaviour. In addition, the administration of anti-IL-18 antibody did not ameliorate
the responsiveness of lymphocytes to IL-4, which was previously demonstrated as an immunolo-
gical abnormality in the mouse.

Conclusion This study demonstrates that, at least in NC/Nga mice, [1-18, although excessively

expressed before the onset of dermatitis, shows antiallergic actions.

Key words: atopic dermatitis, interleukin-18, NC/Nga mouse

The interferon (IFN)-y-inducing cytokine, interleukin
(IL)-18, has been shown to exert innate immunity and
cellular immunity through both natural killer (NK) cell
activation and helper T cell (Th)1 induction by acting
on the responding cell population.’™ Also it has an
inhibitory activity on IgE synthesis by directly acting
on B cells when given with [-12 through the
induction of endogenous IFN-y.* In contrast it was
found that IL-18 directly stimulates IL-4 and histamine
release from basophils,”® IL-13 production by NK and T
cells® and induces naive T cells to differentiate into Th2
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cells.” These evidences indicate that IL-18 shows both
antiallergic and allergy-promoting activities.®

In a previous study, we evaluated the serum levels
of II-18 in patients with atopic dermatitis (AD) and
in the AD model, NC/Nga mice,>!® to examine
whether I1-18 might be associated with the immu-
nological abnormality of AD.!! In NC/Nga mice
serum IL-18 levels were found to increase before the
onset of dermatitis and elevation of IgE and remained
elevated during the development of dermatitis. In this
study we investigated whether neutralization of [L-18
through continuous injection of anti-IL-18 antibody
would affect dermatitis as well as IgE elevation in
NC/Nga.
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Materials and methods

Culture medium, lymphokines and antibodies

RPMI 1640 (Gibco, Grand Island, NY, U.S.A.) sup-
plemented with 10% fetal bovine serum (Gibco),
2-mercaptoethanol  (0-05 mmol L™!),  r-glutamine
(2 mmol L), penicillin (100 units mL™?), streptomy-
cin (100 pug mL™!) was used as culture medium.
Lipepolysaccharide (LPS) W extract from Escherichia
coli 0111:B4 was obtained from Difco Laboratories
Inc. (Detroit, MI, U.S.A.). Recombinant mouse IL-2,
II-4 and IL-12 were purchased from Genzyme
(Boston, MA, U.S.A.). Rat antimouse IL-4, anti-CD3,
anti-CD28, fluorescein (FITC)-conjugated anti-CDS§,
anti-CD4, anti-CD45R/B220, anti-I-A®, anti-I-A% mo-
noclonal antibodies were purchased from PharMin-
gen (San Diego, CA, U.S.A.). Neutralizing rabbit anti-
II-18 antibody,’!? kindly provided by Dr Okamura
{(Hyogo College of Medicine), was prepared from sera of
rabbits immunized with murine recombinant IL-18. A
dose of 200 pg of anti-IL-18 antibody completely
blocked IFN-y-inducing activity of 50 ng of IL-18 in
spleen cells stimulated with concanavalin A.* Rabbit IgG
was purchased from PharMingen and was used as a
control antibody. For detection of cytokines, the pair of
antibodies of rat-antimouse IL-4 and rat-anti-IFN-y
(antibodies was purchased from PharMingen. The
studies were approved by the Institutional Review
Board.

Evaluation of the development of dermatitis in NC/Nga

Four-week-old NC/Nga mice {(SPF grade) were
obtained from Japan SLC Inc. (Shizuoka, Japan) and
housed at 23 + 3 °C in 55 + 15% relative humidity
with 12/12 h of light/dark cycle (light on 07-00-
19-00). To neutralize endogenously produced [L-18,
five mice were injected intraperitoneally with 100 pg of
rabbit antimouse IL-18 antibody before the onset of
dermatitis on weekly intervals starting at 5 weeks of
age through 13 weeks. The administration of rabbit
antimouse IL-18 antibody caused a reduction of serum
levels of 1L-18 from 268 + 6 pg mL™! to undetectable
levels (< 25 pg mL™!) in NC/Nga mice. As control, five
mice were injected with 100 pg of rabbit IgG. The
severity of dermatitis was assessed once a week with
the following scoring system by observers who were
blinded to the intervention. Symptoms were evaluated
by skin dryness, eruption and wounds on three parts of
the body: ear, face and head, and back. Each symptom
was graded from O to 3 (no symptoms, 0; mild, 1;

moderate, 2; and severe, 3). Blood was taken at
14 weeks from retro-orbital vessels and serum was
obtained by centrifugation at 1000 g for 5 min at 4 °C
and stored at — 80 °C until use. The serum IgE level
was measured by means of an enzyme immunoassay
(Yamasa Shouyu Co. Ltd, Chiba, Japan). The frequency
of scratching behaviour of 13-week-old NC/Nga mice,
such as scratching of the nose, ears and dorsal skin
with the hind paws, was measured during a 20-min
period. Licking of the belly and dorsal skin during
grooming was disregarded. Each occurrence of scratch-
ing of the head, neck, dorsal skin, ears and nose was
scored to obtain the maximum score.

Preparation of CD4+ T cells and B cells

Spleen cells from NC/Nga, BALB/¢ or C3H/He mice
were suspended at a concentration of 2 x 10° per ml,
in RPMI 1640 containing 5 mmol L™! ethylenediam-
ine tetraacetic acid and 2% fetal bovine serum. The cell
suspension was incubated with FITC anti-I-A® (or anti-
1-A%), FITC anti-B220 and FITC anti-CD8 for 30 min at
4 °C on a turning wheel. The cells were then washed
twice and resuspended with magnetic beads coated
with sheep anti-FITC antibodies (Advanced Magnetics,
Cambridge, MA, U.S.A.). Cells that bound antibody
were depleted by three rounds of exposure to a
magnetic field. The residual cells were collected,
washed twice, resuspended in culture medium and
used as purified CD4+ T cells. B cells were prepared
from spleen cells by negative selection by using FITC
anti-CD4 and FITC anti-CD8.

Differentiation of CD4+ T cells into T-helper 1 or 2 cells

Induction of Thl or Th2 differentiation from CD4+ T
cells was done according to the protocol.'® Briefly,
CD4+ T cells (4 x 10° cells well™!) were incubated with
plate-bound anti-CD3 (1 pg mL™Y) plus anti-CD28
antibodies (1 pg mL™%) with or without IL-4
(50 ng mL™Y) or anti-Il-4 antibody (10 pg mL™%) for
Th2 differenttation, or with or without IL-12
(20 ng mL™Y) plus anti-IL-4 antibody (10 ug mL™Y) for
Th1 differentiation. Two days later, IL-2 (10 ng mL™!)
was added into the culture and further incubated for an
additional 4 days. Viable cells were then obtained by
Ficoll-Hypaque centrifugation, washed and re-stimula-
ted with immobilized anti-CD3 antibody plus anti-CD28
antibody. Supernatants were collected at 24 h, and the
IL-4 and IFN-y concentrations were measured by
enzyme-linked immunosorbent assay (ELISA).

2003 British Association of Dermatologists, British fournal of Dermatology, 149, 3945



EXACERBATION OF DERMATITIS BY ANTI-IL-18 ANTIBODY 41

IgE induction by lymph node B cells

B cells (10° cells mL™) were incubated with LPS
(20 pg mL™Y) and IL-4 (50 ngmL™Y) for 6 days.
Supernatants were harvested and IgE concentrations
were determined by ELISA as described before,

Statistical analysis

Statistical analysis was performed using the Student’s
t-test and P < (05 was considered significant.

Results

Continuous neutralization of interleukin-18 exacerbates
dermatitis in NC/Nga mice

The NC/Nga mice spontaneously develop severe der-
matitis which histologically mimics human AD and
shows high IgE elevation with ageing under conven-
tional circumstances beyond the age of 8 weeks.®
Representative skin and its histological features are
shown in Figure 1. Previously we reported increased
serum IL-18 levels in NC/Nga mice with evident
dermatitis (151938 pg mL™") and in NC/Nga mice
with no apparent dermatitis (452~876 pg mL™}) but
that those in BALB/c and C57/BL6 mice were less
than 50 pg mL™1.*! To evaluate the role of IL-18 on

(a)

Figure 1. Clinical and histological features
of NC/Nga skin: (a,c) aged 10 weeks under
specific pathogen-free circumstances; (b,d)
aged 10 weeks under conventional circum-
stance. Histology shows haematoxylin and
eosin-stained section of the ear, Original
magnification x 10.

the onset or the development of dermatitis, NC/Nga
mice were continuously injected intraperitoneally with
either neutralizing anti-IL-18 antibody (100 pg) or
rabbit IgG (100 pg) as a control weekly from S5 weeks
(before the onset of dermatitis) to 13 weeks of age, as
serum IL-18 elevation was found from S weeks to
6 weeks of age. The skin symptoms were examined
weekly. In the control mice, dermatitis appeared at
9 weeks of age and increased in severity gradually with
ageing (Fig. 2). The mean of the skin severity score
reached 3-8 at 14 weeks of age. Surprisingly, the
administration of neutralizing anti-IL-18 antibody did
not prevent the onset of the skin lesions nor inhibit
their development. Rather, this treatment tended to
lead to the exacerbation of dermatitis with a skin
severity score of ¢-3 at 14 weeks of age, although the
difference was statistically not significant (P = 0-08).
At the age of 13 weeks, the number of scratching
behaviours for 20 min was counted in all mice. The
average number of scratching in the control mice was
67 whereas that of the anti-IL-18 antibody-treated
mice was 123-8 (Fig. 2). Subsequently, the serum IgE
levels at the age of 14 weeks were also measured.
Figure 2 shows that the average IgE from control mice
or from anti-IL-18 antibody-treated mice showed 30-5
or 41-2 pg mL™!, respectively, and there was no
statistically significant difference in the IgE levels
between the two groups.

(b)

© 2003 British Association of Dermatologists, British Journal of Dermatology, 149, 39-45



42 S.HIGA et al

1. Skin inflammation

Figure 2. Administration of anti-interleukin
(IL)}-18 antibody does not suppress severity of
dermatitis and scratching behaviour. Five
NC/Nga mice were administered intraperi-
toneally with rabbit antimouse [L-18 antibody
{100 pug) or rabbit IgG {100 pg) weekly from
5 weeks to 13 weeks of age. Skin lesions were
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Continuous injection of anti-interleukin-18 antibody failed
to ameliorate interleukin-4 responsiveness of lymphocytes
in NC/Nga mice

The mechanisms through which NC/Nga mice develop
dermatitis and IgE elevation under conventional cir-
cumstances remain unknown. But recently it was
reported that responsiveness of B cells to IL-4 was
exaggerated, leading to excess production of IgE.!®
Indeed IgE synthesis by purified B cells from three
different NC/Nga mice was, as reported previously,
dramatically upregulated in response to LPS and IT-4,
irrespective of the presence of dermatitis, when com-
pared with B cells from BALB/¢ or C3H/He mice
(Fig. 3). One representative resuit of three experiments
was shown in the figure. The differentiation of CD4+ T
cells into IL-4 producers was excessively promoted in
NC/Nga in response to anti-CD3 plus IL-4 stimulation,
whereas that into IFN-y producers remained similar to
that of control mice (Fig. 3). It remained to evaluate
whether II.-4 responsiveness in NC/Nga mice might be
associated with overproduction of I1-18, Spleen cells
from dermatitis-prone NC/Nga (grown under specific
pathogen-free circumstances), control antibody-injec-
ted or anti-[L-18 antibody-injected NC/Nga mice were
obtained. IgE synthesis by B cells and the differentiation
activity of CD4+ T cells into IL-4 producers were
examined. The weekly administration of anti-IL-18
antibody did not affect IgE production by purified B cells

wn ] “ o “ T
IgE (ug/ml)
at 14 weeks of age

enzyme-linked immunosorbent assay. The
data from five mice were shown as the
mean + SD.

stimulated with LPS and IL-4 nor the differentiation
process of CD4+ T cells into Th2 cells by anti-CD3 plus
anti-CD28 antibodies and 1i-4 (Fig. 4). Thus IL-4
responsiveness in NC/Nga mice is not assoctated with
overproduction of 11-18.

Discussion

In addition to our previous report,*! it has recently been
demonstrated that transgenic mice expressing caspase 1
or [I-18 in keratinocytes spontaneously developed
AD-like skin disease with elevation on the active form
of II-18 in serum.*®*7 Thus, the role of IL-18 on the
onset or development of skin lesions, or on IgE elevation
in NC/Nga mice was examined. We showed that in vivo
neutralization of IL-18 activity failed to suppress the
onset and the development of skin lesions, IgE elevation
and IL-4 responsiveness of lymphocytes in NC/Nga
mice. Indeed this treatment appeared to lead to an
enhancement in the severity of dermatitis and scratch-
ing behaviour, indicating that IL-18 might inhibit an
exacerbation of dermatitis in this model mouse.
Recent studies on the expression of various cytokines
in AD skin have shown that the development of skin
lesions results from sequential activation of Th2 and
Th1 cells.'® In acute lesions, a predominant expression
of Th2 cytokines is found but in chronic eczematous
lesions IFN-v is preferentially expressed in the localized
T cells.® The underlying causes for the initial accu-
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1. IgE synthesis (in response to LPS+IL-4)

NC/Nga (Conv.}

NC/Nga (Conv.) ‘1l

NC/Nga (SPF) 4

BALB/c (Conv.)

C3H/He (Conv.) |

C3H/He (SPF) -
[

1086
IgE (ng/ml)
2. Thi or Th2 differentiation

Fipst stimulation
aCDJ + aCD28 Abs plus

Nothing Nothing
NC/Nga  alL-4
IL-4 - IL-12+alL-4 —

Nothing Nothing
CIH/He all-4
IL-4 fL-12+all-4

0 1000 2000 3000 4000 SMO 5000 0 100000 00000 300000 100000
IL-4 (pg/ml) IFN-y (pg/m1}

Figure 3. Responsiveness of interleukin (IL)-4 in NC/Nga mice. (1) Purified B cells (10° cells mL™Y) from one BALB/c, two C3H/He or three
NC/Nga mice grown under conventional (Conv.) or specific pathogen free (SPF) conditions were incubated with lipopolysaccharide (20 pg mL™)
and IL-4 (50 ng mL™1) for 6 days and supernatants were harvested. The IzE concentrations in the supernatants from two wells were measured by
enzyme-linked immunosorbent assay (ELISA). (2) Purified CD4+ T cells from NC/Nga or C3H/He were stimulated with plate-bound anti-CD3
(1 pg mL™?) plus anti-CD28 (1 pg mL 1) antibedies in the absence or presence of -4 (50 ng mL™Y) or anti-l~4 antibody (10 pug mL™Y) for
T-helper (Th) 2 development, or in the absence or presence of [L-12 (20 ng mL"'} plus anti-IL-4 antibedy (10 pg mL™!) for Th1 development. Two
days later, IL-2 {10 ng mL™!) was added into the culture and further incubated for an additional 4 days. After the cells were washed, they were
re-stimulated with plate-bound anti-CD3 plus anti-CD238 for 1 day. IL-4 and interferon-y concentrations in the culture supernatants from three
wells were then measured by ELISA. One representative result of three experiments was shown,

1. IgE synthesis 2. Th2 differentiation
SPF
[0 Nothing [J aCD3 + aCD28 Abs
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Control Ab
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alL-18 Ab
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Figure 4. Administration of anti-interleukin (IL)-18 antibody does not affect II-4 responsiveness in NC/Nga mice. {1) Purified B cells
{108 cells mL™") from five NC/Nga mice raised under specific pathogen free (SPF) conditions, rom five control antibody-injected NC/Nga mice, or
from five anti-0-18 antibody-injected NC/Nga mice were incubated with lipopolysaccharide {20 ug mL™) and IL-4 (50 ng mL™%) for 6 days and
supernatants were harvested. The IgE concentrations in the supernatants were measured by enzyme-linked immunosorbent assay (ELISA). (2)
Purified CD4+ T cells from three NC/Nga mice raised under $PF conditions, from three control antibody-injected NC/Nga mice, or from three
anti-IL-18 antibody-injected NC/Nga mice were stimulated with plate-bound anti-CD3 (1 ug mL™") plus anti-CD28 (1 ug mL™1} antibodies in the
absence or presence of IL-4 (50 ng mL ™). Two days later, IL-2 (10 ng mL™!) was added into the culture and further incubated for an additional
4 days. After the cells were washed, the T cells were re-stimulated with plate-bound anti-CD3 plus anti-CD28 for 1 day. IL-4 concentrations in the
culture supernatants were then measured by ELISA,
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mulation of Th2 cells in the cutaneous lesions are
unknown. Although it was anticipated that IL-18
might be the candidate molecule for this induction, the
administration of anti-IL-18 antibody failed to prevent
the onset of dermatitis. Thus it is possible that at least
in this mouse model, IL-18 may not be directly
associated with the initiation of spontaneous dermatitis
{and accumulation of Th2 cells) and that IL-18 shows
antiallergic actions in NC/Nga mice. Habu et al
recently reported that treatment of conventional
NC/Nga mice either with IFN-y, IL-12 or II-18 from
4 weeks of age substantially inhibited the elevation of
the serum IgE, IL-4 levels and onset of dermatitis.?°

However, IL-18 appears to be related to the develop-
ment of dermatitis. The process of the shift from Th2 to
Thl dominance in the lestons is also unknown but it is
speculated that IL-12 from skin invading cells such as
macrophages or eosinophils leads to the activation of
Th1 cells in this process.’® It seems likely that IL-18,
although produced continuously, is involved in this
process. The mechanisms by which excessive IL-18 is
produced and its source in NC/Nga mice are unknown
at the present time. Moreover, it is demonstrated that
IL-4 has opposing functions, depending on the stage of
immune activation.?! Besides its well-known Th2-
promoting properties, IL-4 is able, specifically at the
stage of dendritic cell activation, to induce IL-12 pro-
duction, indicating that the timing of intervention with
cytokines is critical. As it was reported that keratino-
cytes and Langerhans cells are IL-18 producers,®%23
analyses of the expression of cytokines including I1-4,
IFN-y, IL-12 and IL-18 during the development are
required to investigate the pathogenests of AD.

In summary, administration of a neutralizing anti-
IL-18 antibody to NC/Nga mice in vive does not
suppress the onset of dermatitis and rather IL-18 may
control the exacerbation of the dermatitis in this model.
It is also not known if the effect on the lesions is direct
or indirect. The establishment of IL-18-, 1L-12- or IFN-
v-deficient NC/Nga mice will answer this problem.
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