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Summary

Background 1L-4 gene cluster on chromosome 5 contains several candidate genes for
atopy and asthma. Several independent studies have shown evidence for linkage between
the markers flanking IL-4 gene cluster and asthma and/or asthma-related traits.
Interferon regulatory factor 1 (IRF-1) is located approximately 300kb telomeric to IL-4
and recent study reveals that IRF-1 deficiency results in an elevated production of
Th2-related cytokines and a compensatory decrease in the expression of native cell- and

Thl-related cytokines.
Objective

To determine if there are any mutations associated with the development

of atopy and asthma present in the coding exons and 5’ flanking region of the IRF-1 gene.

Methods and results

We have screened the promoter and coding regions of the IRF-1 gene

in atopic asthmatics and controls by SSCP method. We found three novel nuclear variants
(the —300G/T and 4396 A/G polymorphisms and the 6355G > A rare variant) in the IRF-1
gene. No variants causing amino acid alterations of IRF-1 were detected. The —300G/T
polymorphism was in nearly complete linkage disequilibrium with the 4396 A/G poly-
morphism. An association between the 4396 A>G polymorphism and atopy/asthma
was examined by transmission disequilibrium test in 81 asthmatic families. Either of
4396 A or 4396G alleles was not significantly preferentially transmitted to atopy- or

asthma-affected children.

Conclusion The IRF-1 gene is less likely to play a substantial role in the development
of atopy and asthma in the Japanese population.
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Introduction

Atopy, expressed clinically as asthma, atopic dermatitis,
and/or rhinoconjunctivitis, is characterized by a genetic
predisposition for generating immunoglobulin (Ig) E anti-
body against common environmental allergens. Since
family and twin studies have demonstrated an involvement
of genetic components in the development of atopy and
asthma [1,2], much work has been done to find the respon-
sible gene(s). Using the candidate gene approach, linkage of
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atopy, asthma and/or asthma-associated phenotypes to
chromosome 5q31.1-q33 [the interleukin 4 (IL-4) gene
cluster] [3.4], 6p21 (HLA loci and TNF) [5], 7q35 (TCRB)
[6], 11q13 (FCERIB) [7-11], 12q15-q24 (IFNG and others)
[12,13], 14ql1 (TCRA) [14,15] and 16p12 (IL4R) [16,17]
has been described. Several other loci linked to atopy and
asthma have also been suggested through genome-wide
linkage studies [18,19].

It is well known that asthmatic patients often show
increased levels of Th2-related cytokines such as IL-4 and
IL-5 and decreased levels of Thl-related cytokines like
interferon-gamma (IFN+y) in stimulated peripheral blood
mononuclear cells and brochoalveolar lavage fluid [20,21].
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Thus, an imbalance in the Th1/Th2 response has been
suggested as a cause of asthma. IL-4 gene cluster on
chromosome 5 comprises of IL-3, IL-4, IL-5, IL-13, inter-
feron regulatory factor 1 (IRF-1), CDC25, and GM-CSF,
which are considered to be important for Thl and Th2
immune responses. IRF-1 was originally identified by its
ability to induce the transcription of interferon and inter-
feron-induced gene [22] and regulate an array of genes
involved in cell growth, differentiation and death. Recent
studies have shown that IRF-1 is involved in the regulation
of inducible nitric oxide synthases (iNOS) [23,24] which
induce inflammation in asthmatic lung [25]. A knockout
mouse study reveals that IRF-1 deficiency results in an
elevated production of Th2-related cytokines and a com-
pensatory decrease in the expression of naive cell- and Thl-
related cytokines [26]. Since several independent studies
have shown the evidences for linkage between the markers
flanking IL-4 gene cluster and asthma and/or asthma-related
traits [3,4,27], the IRF-1 gene seems to be a good candidate
gene for asthma and atopic diseases. In this study, we have
screened for mutations in the promoter and coding regions
of the IRF-1 gene in atopic asthmatcs and controls. We
found three novel nuclear variants in the IRF-1 gene and
conducted association study in a Japanese families ascer-
tained through asthmatic children.

Materials and methods

Subjects

Probands of the families studied were asthmatic children
visiting the Paediatric Allergy Clinic of the University
Hospital of Tsukuba. A full verbal and written explanation
of the study was given to all family members interviewed,
and 81 families gave us informed consent and participated
in this study. Informed consent for subjects younger than
school age was given by their parents. The mean numbers
of atopic and asthmatic children per family are 2.1 and 1.8.
The mean age of the probands and their siblings was 11.2
years (range: 3—29); the mean age of the parents was 41.1
years (28-72). The families examined in this study are,
in part, the same ones that participated in our previous
study [4].

Each family member was questioned regarding allergic
symptoms and underwent a physical examination by pae-
diatricians. Asthma was diagnosed in subjects according
to the criteria of the National Institutes of Health, USA,
with minor modifications [28]. Patients had to show the
two following characteristics: (1) two or more episodes
of wheezing and shortness of breath during the past year
and (2) reversibility of the wheezing and dyspnea, either
spontaneously by bronchodilator treatment. Since wheezing
is often associated with viral respiratory infection in young

children [29], subjects more than 3-year-old were evaluated
for the asthma phenotype. Young adult patients included
in this study have been suffering from chronic asthma
since childhood. The diagnosis of asthma in this popula-
tion was confirmed by physicians or paediatricians. Total
serum IgE levels and specific IgE levels to house dust
mite, Dermatophagoides farinae (Df), were determined by
the Pharmacia CAP System (Uppsala, Sweden). Atopy was
defined by the presence of either or both of the following
criteria: a total serum IgE level more than one standard
deviation above the geometric mean for the normal
Japanese population and/or raised specific serum IgE
levels to Df (RAST score >2). By this definition, 170
atopy-affected, 146 asthma-affected children and their
parents were subjected to an association study.

We selected controls who met all of the following cri-
teria: (1) no symptoms or history of allergic diseases (2)
no detectable dust mite specific IgE antibody, and (3) total
serum IgE levels below the general population mean for
their ages. The mean age of the controls was 11 years
(range: 9-14).

Molecular methods

DNA was extracted from peripheral blood leucocytes
collected in EDTA. The 10 exons and the promoter region
of the IRF-1 gene were amplified from genomic DNA of 24
asthmatics and 24 controls. Asthmatics for the mutation
study were randomly selected from the asthmatic probands
of the families.

SSCP and sequencing

The regions of all exons and exon-intron junctions and the
5’ flanking region of 486 bp were amplified by PCR using
the primers listed in Table 1. The primers of all exons were
designed according to the published sequence of the IRF-1
gene (Genbank accession number: L05072). The primers
of the promoter region were designed according to the
sequence described before [30]. Primers and amplified
sizes are shown in Table 1. The PCR reaction cocktail
contained 10 mm Tris—HCI, pH 9.0; 50 mm KCI; 1.0-1.5 mm
MgCl,; 0.1% Triton X-100; 200 uMm each of deoxynucleo-
tide triphosphates (dNTPs); 0.6 U Taq DNA polymerase
(Promega Ltd, Madison, USA); 5 um each of primers, and
approximately 40ng of template DNA in a total volume
of 10pL. PCR was performed in a 96-well plate using a
programmable thermal cycler (GeneAmp PCR system
9600; Perkin Elmer Corp., New Jersey, USA).

Single strand conformational polymorphism (SSCP)
analysis was done for all PCR products (each exon and
the promoter region in each individual). Two microlitre of
PCR product was mixed with equal volume of formamide
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Table 1. IRF-1 primer oligonucleotides

Sense (5'-3") (nucleotide numbers*) Size (bp) Antisense (5'-3') (nucleotide numbers*)
IRF-1 promoter

GAGCCAGGCTGCCAGTCG (-486-469) 248 CCCAATCCACCCCTGCTC (-256-239)
GCCCTCCTCCGGGCAAGC (-276-259) 263 CGCCACCGAGCAATCCAA (-31-14)
GGCCAGGGCTGGGGAATC (-60-43) 221 GAGGGCGGAGCGCGACTC (144-161)
IRF-1 coding region

Exon 1

TGCCTTCTTCCCTCTTCCAC (121-140) 120 CTCAAAGGCGTACTCACCTC (221-240)
Exon 2

GACTGGAGCCTCTGTGTTCT (1255-1274) 226 CTTGTCCCGTTATCACTTCC (1461-1480)
Exon 3

CAAAGTCTGTGGTCTCTGAC (2682-2701) 216 CGTGAGTGCCTCCTCTTGTC (2878-2897)
Exon 4

ATGGCCCTGACGATCCTCTT (3592-3611) 216 CCTTTTCTCTGGTTCTTGGT (3788-3807)
Exon 5

GTGCGAGTGTACCGGATGCT (3758-3777) 233 CCTGGCTGCTTAGGACCACA (3971-3990)
Exon 6

GGGCCTAAGCTGCTTTCTCC (4045-4064) 198 CTGACCTGTGGGGTCTCCTG (4223-4242)
Exon 7

GAAAGCACACAACCTTGACC (4344-4363) 262 TCAGTGCCAGGTGGAGTTCT (4586-4605)
Exon 8

TGACTGCCAGCCAACCTCTC (5002-5021) 220 ACTTGTGGGACAATGCAAGC (5202-5221)
Exon 9

TTGATAGCCTCTTGCTCTTC (6219-6238) 214 CGTGGTTCTCCCTCATCTAA (6413-6432)
Exon 10

GGGGGAAGCACACCTGATGC (6608-6627) 224 GCTTGCCTAGAGGAATAAGA (6812-6831)

*Nucleotide numbers are according to Genbank accession number L05072.

(90% v/v) dye containing bromophenol blue and xylene
cyanol. The samples were boiled for 3—5 min, quenched on
ice and separated by electrophoresis on 12.5% homogenous
Pharmacia Phast Gel (Pharmacia, Uppsala, Sweden) using
PhastSystem (Pharmacia, Piscataway, NJ, USA). The gels
were run for 2-3h at 15°C, then visualized using silver
staining. The PCR products showing different SSCP
patterns were subjected to the sequence analysis. The
sequencing were performed using a thermal cycle sequen-
cing kit (US Biochemical Corp., Cleveland, OH, USA)
on ABI PRISM 310 DNA Sequencer (Perkin Elmer-Cetus,
Oak Brook, IL, USA).

We have found one mutation in the promoter (G to T
exchange at position 300 upstream from exon 1,
—300G>T) and two silent mutations in exon 7 (A to G
exchange at position 4396, 4396 A>G) and in exon 9 (G
to A exchange at position 6355, 6355G>A). To genotype

these variants using PCR-restriction fragment length poly-
morphism method (RFLP), each region of interest was
amplified by PCR with a primer pairs 5-TCGCCTGCG-
TTCGGGAGA and 5'-TAGCGGCGAAGGGGAAGTACA
for the promoter, 5-GAAAGCACACAACCTTGACC and
5'-TCAGTGCCAGGTGGAGTTCT for exon 7 and 5'-
TGTCTATGGAGACTTTAGCTGTGA and 5-TAAGGC-
ATGGCAGCCGTAGC for exon 9 polymorphisms. The
original sequence of positions 6331-6354 in the IRF-1
gene for the upstream primer of exon 9 is TGTCTATGGA-
GACTTTAGCTGTAA. The mismatch ‘5-CTGTCTATG-
GAGACTTTAGCTGTGA’ was introduced in the upstream
primer in order to obtain the Mbo 1I restriction site. The
PCR product sizes for the promoter, exon 7 and exon 9
polymorphisms were 270bp, 262bp and 200 bp, respec-
tively. The —300G>T, 4396 A>G and 6355G > A muta-
tions were identified by the gain of BstN I (the G allele,
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210 bp, 60 bp; the T allele, 170 bp, 60 bp, 40 bp), loss of Nla
III (the A allele 115bp, 94 bp, 53 bp; the G allele, 147 bp,
115bp), and gain of Mbo 11 (the G allele, 200 bp; the A
allele, 165 and 35bp) restriction sites, respectively.
Digested PCR fragments were electrophoresed by agarose
gel electrophoresis and visualized by ethidium bromide
staining and ultraviolet transillumination. The accuracy of
genotyping by these RFLPs has been confirmed by the
direct sequence of PCR products from three individuals
with 4396 A/A, 4396 A/G, and 4396G/G genotpyes deter-
mined by RFLP and confirmed the accuracy of our RFLP.

Statistical analyses

Transmission disequilibrium test of the polymorphisms in
the IRF-1 genes was performed using the ASTDT routine
in the Genome Analysis System software (GAS ver 2.0: A.
Young, University of Oxford, 1993-95). Linkage disequi-
librium statistics (D) and statistical significance of linkage
disequilibrium were computed using the ASSOCIAT soft-
ware program [31]. Standardized disequilibrium statistics
(D’) were calculated as described [32]. An association
between total serum IgE levels and genotypes was analysed
by ANOVA.

Results
We have found three novel variants (—300G>T,
4396 A>G and 6355G>A) in the IRF-1 gene. The

—300G/T and 4396A/G were polymorphic. The
6355G > A variant was very rare, appeared only one in
168 unrelated samples genotyped. The —300G/T poly-
morphism was in nearly complete linkage disequilibrium
with the 4396 A/G polymorphism (n=162, D=0.22,
D' =0.98, P<0.0001).

We examined an association between the IRF-1 gene
polymorphism and atopy/asthma by genotyping the
4396 A/G polymorphism because the —300G/T was in
nearly complete linkage disequilibrium with the 4396 A/G
and the 6355G/A was very rare in our population.

The number of the 4396 A/4396 A, 4396 A/4396G
and 4396G/4396G genotypes in the parents were 71
(44%), 75 (46%) and 16 (10%), respectively, which did
not deviate from expected values based on Hardy—
Weinberg equilibrium (P=0.55, chi-square =0.35,
d.f.=1). Mean total serum IgE levels of parents with the
4396 A/4396 A, 4396 A/4396G and 4396G/4396G were
311 £64, 25249 and 299 =98 IU/mL, respectively,
and no significant differences were observed between
them (aNova, P>0.1).

Under a hypothesis of no linkage disequilibrium between
the 4396 A or 4396G allele and atopy/asthma, the expected
numbers of transmissions of 4396 A and 4396G alleles

Table 2. Transmission disequilibrium test for asthma and atopy

Phenotype  Allele Transmitted Not transmitted P-value

Atopy 4396A 62 72 0.87
4396G 76 62 0.13

Asthma 4396A 52 65 0.87
4396G 65 52 0.13

are equal. Using TDT analysis, either of 4396 A or 4396G
alleles was not significantly preferentially transmitted to
atopy- (P=0.13) or asthma-(P=0.13) affected children
(Table 2).

Discussion

The present study detected two novel polymorphisms
and one rare variant in the IRF-1 gene. These variants are
not likely to alter the structure of IRF-1. The two poly-
morphisms are in nearly complete linkage disequilibrium.
We did not observe significant correlation between the
4396 A/G polymorphism and total serum IgE levels or
atopy/asthma. Therefore, we concluded that the poly-
morphisms detected in this study are not likely to be
functional for asthma-related phenotypes.

We must note the limitations of this study. First, the
detection power of an association (linkage disequilib-
rium) between the 4396 A/G polymorphism and atopy/
asthma by TDT using 81 families is not high. The detection
power drops to nearly 0.5, if the risk for atopy/asthma by
carrying a putative risk allele is 1.5 times greater than
that by not carrying the allele. Therefore, this study did
not exclude minor contributions of the polymorphisms
detected in this study for atopy/asthma. Second, the power
to detect a mutation by SSCP is not perfect [33]. The
possibility remains that undetected mutations in the IRF-1
gene might be related to the cause of asthma and atopy.
Third, we screened only Japanese subjects. It remains
possible that nuclear variants of the IRF-1 gene play a
substantial role in the development of atopy and asthma
in other ethnic population.

Marsh et al. [3] first reported significant linkage of total
serum IgE antibody concentrations to IL4 or a nearby
gene in 5q31.1 in 11 Caucasian Amish families. Subse-
quently linkage has been suggested in some populations
[4,27] but not in other populations [18,34]. Therefore,
mutations in the IRF-1 gene contributing atopy/asthma
are more likely to exist in the populations in whom link-
age between the IL-4 gene cluster and atopy/asthma is
suggested. We have shown the evidence for linkage
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between the markers flanking IL-4 gene cluster and asthma/
atopy in the Japanese families [4] and suggested that IL-4
promoter —590C/T polymorphism may be associated with
the development of asthma in Japanese children [35].
However, we did not detect possibly functional variants
in the IRF-1 gene, which is located approximately 300 kb
telomeric to IL-4. There was no significant linkage disequi-
librium between the —590C/T polymorphism in the IL-4
gene and the 4396 A/G polymorphism in the IRF-1 gene in
our population (n= 179, D’ = — 0.05, P =0.64). Therefore,
an association of atopy/asthma was suggested for the 1L4
gene but not for the IRF1 gene in our Japanese families.
Further studies in different populations are needed to
elucidate the role of IRF-1 in the development of asthma
and atopy.
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