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Introduction

Summary

Background Development of asthma is likely to depend on a complex interaction between
environmental and genetic factors. Several groups have suggested the gene of the IL-4 receptor o
chain (IL4R) as a candidate gene for the development of asthma, although association with single
polymorphisms has shown contradicting results.

Objective  We chose to analyse IL4R gene haplotypes and assess their possible relevance in
susceptibility to asthma and to certain clinical phenotypes.

Methods 1L4R gene haplotypes were analysed, based on the three markers C-3223T, Q551R and
150V, using the expectation—maximization algorithm, in 170 atopic asthma patients and 350 controls,
all adult Swedish Caucasians.

Results  Our data showed significantly higher levels of soluble IL-4R (SIL-4R) in asthma patients
compared with controls (P<0.0001). Furthermore, we showed a significant association between the
IL4R haplotype containing the alleles T-3223, V50 and R551 (TVR) of the IL4R gene, and
susceptibility to atopic asthma, with a frequency of 6.5% in the patients compared with 1% in the
controls (P<0.0005). A subgroup of patients with heterozygous or homozygous state for the T-3223,
V50 and R551 alleles, also had lower levels of sIL-4R in their circulation compared with patients
with homozygous state in the C-3223, 150 and Q551 alleles (P<0.05) and showed less severe asthma
according to lung function test (P <0.05). Analysis of single markers showed the T-3223 IL4R allele
to associate with lower serum levels of sIL-4 receptor (P<0.0001) and patients carrying the T allele
also had more symptoms of active asthma (wheezing, P<0.01; coughing, P<0.05 and breathing
difficulties, P<0.01).

Conclusion Our data suggest that asthmatic patients with low levels of sIL-4 receptor may represent
a genetically distinct subgroup of atopic asthma. TVR haplotype analyses confirm the importance of
IL4R as a candidate gene for susceptibility to asthma. This finding may have implications for the
understanding of the pathogenesis of asthma and possibly for the development of more specific
therapies.
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some 16 where the gene for IL-4 receptor o chain is located
(3, 4].

The prevalence of asthma has more than doubled within the
last 20-30 years in Sweden and in the middle of the 1990s the
incidence was estimated to be about 7% of the population [1].
Factors contributing to the development of atopy and asthma
are not well defined, although both genetic predisposition and
environmental triggers are known to be of importance [2].
Genome-wide search and linkage studies to find asthma and
atopy susceptibility loci, have mapped an area to chromo-
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The IL-4 receptor ligand, IL-4, is known to be one of the
key cytokines in the pathogenesis of asthma through the
induction of isotype switching to IgE and differentiation of T-
helper type 2 (Th2) lymphocytes. Both 1L4 and IL4R gene
knockout mice show deficiencies in the production of Th2
lymphocytes [5], while the latter also show reduced IgE
responses [6].

Several polymorphisms in the IL4R gene have been
associated with phenotypes related to asthma and atopy [7],
although these data were not confirmed in all studies. The
Q551R polymorphism was first investigated in association
with atopy: the R allele was shown to be more frequent in
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atopic patients and associated with an enhanced signalling of
the IL-4 receptor [8]. While some studies did not find the
Q551R polymorphism to be a susceptibility marker for
asthma or atopy [9, 10], another study indicated the Q551
allele to associate with atopy [11].

Another polymorphism, I50V was found to be associated
with atopic asthma and increased IgE levels in a Japanese
population [12]. However, these findings were not reproduced
in other ethnic groups [13].

The promoter polymorphism, C to T at position — 3223 in
the IL4R gene was shown to influence the levels of the soluble
IL-4 receptor (sIL-4R) [14]. Secreted forms of sIL-4 occur
naturally in both mice and humans and have been described
to act as antagonists to IL-4 [15]. In vivo treatment with sIL-
4R, in a mouse model, prevented the development of
hypersensitivity and airway hyper-responsiveness [16]. How-
ever, the C-3223 T polymorphism was never reported in
association with asthma/atopic disease.

The aim of our study was to analyse certain IL4R gene
haplotypes to assess their possible relevance for the suscept-
ibility to asthma and to certain clinical phenotypes in a
selected population of adult Swedish Caucasians.

Materials and methods

Patients and control population

The patient group consisted of 170 Swedish Caucasians, 40%
males and 60% females with an average age of 35 years
(range 17-63), recruited from the Allergy and Asthma Clinic
at Sahlgrenska University Hospital, Trollhdttan Hospital and
Boras Hospital (all in the western part of Sweden). All
patients were sensitized to one or more inhaled allergens and
an elevated level of total IgE was considered as one of the
selection criteria. The patients also fulfilled at least one of the
following inclusion criteria: asthma symptoms, need of
bronchodilators (B,-stimulants) and lung function test (forced
expiratory volume in 1s (FEV;) or peak expiratory flow
(PEF)) <90% predicted. For the control group, 350 healthy
adult Swedish Caucasian blood donors were recruited from
the Blood Bank of Sahlgrenska University Hospital. The
control group consisted of 50% males and 50% females with
an average age of 45 years (range 20-71 years).

Permission for this study was granted by the Ethics
Committee of Goteborg University, and all volunteers gave
informed consent.

Genotyping

DNA used for genotyping was extracted from ethylenedia-
minetetraacetic acid treated blood using the salting out
method [17].

Genotypes were determined for the IL4R C-3223T,
Q551R, IS0V polymorphisms by the PCR and restriction
enzyme digestion. PCR primer sequences for the C-3223T poly-
morphism were: ’AAACAAGTAAGCGTGTTAG GAT and
5’AGTCAAGTCATCCTTCGTCGGTT, which resulted in a
PCR fragment of 727 bp. PCR primer sequences for the 150V
polymorphism were: 5 TGGCAAGCAAGAGAGGCAACC
CT and 5'CTCACCATGCTCGCTGGGCTTGA which
resulted in a PCR fragment of 353 bp. PCR primer sequences

for the Q551R polymorphism were: TGGCCGCACAGGT
GGCAGGTAA and TCGGCCCCCACCAGTGGCTACC,
which gave a PCR fragment of 464 bp. PCR was carried out
in a total volume of 25 puL containing 30 ng genomic DNA,
2mM MgCl, for the Q551R and I50V polymorphisms and
4mmMm MgCl, for the C-3223T polymorphism, 0.2 mm dNTP,
0.4 puM of each primer and 1.25U AmpliTaq Gold (Applied
Biosystems, Foster City, CA, USA). Cycling conditions were:
94°C 12min, 30 cycles of 94°C 30s, 60°C 30s, 72°C 60s
followed by 72 °C 5min. A conservative recognition site was
included in the PCR product to insure efficiency of the
cleavage with restriction endonucleases; genotyping was
repeated for some of the samples as a quality control. For
genotyping of the Q551R polymorphism a different method,
allelic discrimination using the LightCycler system (Roche,
Mannheim, Germany), was also used as a control with a
100% consistency.

The genotypes for the IL4R C-3223T, Q551R, and 150V
polymorphisms were detected by enzyme cleavage of different
PCR products. For the C-3223T polymorphism, 4 uL. of the
PCR product was used for digestion with 2U Bceel (New
England Biolabs Inc., Hertfordshire, UK), in 100 pug/mL
bovine serum albumin, 1 x NEBuffer 1 and at a final volume
of 25uL. The TT genotypes resulted in four fragments with
the size 55, 63, 114, and 495 bp; the CC genotypes gave three
fragments with the size 63, 114, and 550bp and the TC
genotypes produced all five fragments. For the Q551R
polymorphism 3puL of the PCR product was used for
digestion with 1.6 U BsmFI (New England Biolabs Inc.) in
100 pg/mL BSA, 1 x NEBuffer 4 and at a final volume of
25puL. The genotype QQ (A at position 22876) resulted in
two fragments of the size 124 and 340 bp; the genotype RR
(G at position 22876) gave three fragments of the size 21,
124, and 319bp; and the QR genotype resulted in all four
fragments. For the 150V polymorphism, 3 pL. of the PCR
product was used for digestion with 6 U Mspl (New England
Biolabs Inc.), in 1 x NEBuffer 2 and at a final volume of
25 uL. The genotype VV (G at position 4679) resulted in three
fragments with the size 84, 112, and 157 bp; the II genotype
(A at position 4679) resulted in two fragments with the
size 112 and 241bp; and the VI genotype gave all four
fragments. Digestion with Beel and Mspl were performed at
37°C for 90 min followed by inactivation at 65 °C for 20 min.
BsmFI digestion was done in 65°C for 90min following
inactivation at 80 °C for 20 min. The products were separated
on a 4-20% polyacrylamide gel and the genotypes determined
by the size of the different digested bands as described
earlier [18].

Determination of soluble interleukin 4 receptor and
immunoglobulin E

One hundred sixty-eight patients and 198 control individuals
were used according to their IL4AR Q551R and IL-4R C-
3223T genotype for analyses of sIL-4 receptor levels in
plasma, using the Quantikine human IL-4sR immunoassay
(R&D systems, Abingdon, UK). The samples were analysed
in duplicates following the manufacturer’s instructions and
the mean value was used for statistical analysis. Standard
curves were generated with human recombinant sIL-4R
provided and the detection limit was 15.6 pg/mL.
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UniCAP total IgE assay (Pharmacia & Upjohn, Uppsala,
Sweden) was used for the measurements of total IgE in
plasma samples from 170 patients and 160 controls following
the manufacturer’s instructions. Standard curves were gener-
ated using the UniCAP total IgE calibrators and the detection
limit was 2kU/L.

Statistical analysis

Genotype and allele frequencies were compared using the x>
test or Fisher’s exact test. Differences were considered
significant at P<0.05. Quantitative data were analysed by
ANOVA post hoc test (Fisher’s PLSD). Logistic and multi-
variate regression analyses were used to assess effects of single
nucleotide polymorisms and haplotypes for susceptibility to
asthma, on levels of sIL-4 receptor and total IgE and on
values of lung tests (in patients). All calculations were made
using StatView, version 4.5. (SAS Institute Inc., Cary, NC,
USA) or MINITAB, version 10.5 (Minitab Inc., State
College, PA, USA). Logarithmic transformation was per-
formed on the data for sIL-4R levels, before use in the
statistical evaluation.

Haplotype frequencies were estimated for 272 controls and
170 patient samples using the expectation—maximization
(EM) algorithm with the help of the Arlequin software
2.000 [19]. In addition, we used PHASE software, version
2.0.2 for confirmation of the haplotype frequencies and for
assigning of haplotypes for individuals [20].

Results

Genetic markers of susceptibility

To assess association with susceptibility to atopic asthma, we
compared the frequency of genotypes and/or haplotypes for
three IL4R gene polymorphisms, C-3223T, Q551R and 150V,
in 170 atopic patients and in 330 healthy control individuals
(Tables 1 and 2). All analysed genotypes were found to be in
Hardy—Weinberg equilibrium.

All eight theoretically possible haplotypes were found in the
analysed groups, with three main haplotypes dominating in
76% and 80% of all the chromosomes in the controls and the
patients.

We found no association with asthma for any of the
markers when analysed alone using any possible model of
inheritance (in Table 1 the data are expressed according to a
co-dominant model). However, there was a statistically
significant difference in haplotype frequencies comparing
patients and controls in 8 x 2 %> test (P<0.0005) (Table 2).
This was mostly because of a difference in the frequency
between the patient and control groups for the TVR and C-
3223, V50,R551 (CVR) haplotypes. A separate analysis of the
frequencies of the TVR haplotype against all other haplo-
types showed a relatively strong difference (P <0.0001).

Soluble interleukin-4 receptor

The plasma levels of sIL-4R were analysed in 168 patients
and 198 control individuals.

We found that the patients expressed significantly higher
levels of sIL-4R compared with the controls (38.6 £ 0.9 vs.
33.4 £ 0.7pg/mL, P<0.0001) (Fig. 1). When analysing both

Table 1. Genotype frequencies for three markers in the IL4R gene

Frequency (%)

SNP and genotype Controls Patients P-value ¥ test
IL4R551

RR 3(9) 6 (10)

RQ 30 (86) 35 (60)

QQ 67 (192) 59 (100) 0.1
IL4R50

v 20 (56) 23 (39)

VI 51 (145) 49 (83)

Il 29 (83) 28 (48) 0.7
IL4R3223

cc 47 (130) 47 (79)

CcT 47 (129) 43 (73)

TT 6 (17) 10 (17) 0.3

Absolute number of cases appears in the parentheses.
IL4R, gene of the IL-4 receptor o chain; SNP, single nucleotide polymorphism.

Table 2. Haplotype frequencies for three markers in the IL4R gene

Haplotype frequency (%)

Haplotype Controls Patients P-value y* test
Htl (C-1-Q) 44 (238) 41 (137)
Ht2 (T-V-Q) 26 (141) 24 (79)
Ht3 (C-V-Q) 10 (55) 11 (38)
Ht4 (C-V-R) 9 (48) 5 (18)
Ht5 (C-I-R) 8 (43) 11 (37)
Ht6 (T-1-Q) 2 (1) 1(3)
Ht7 (T-V-R) 1(8) 6.5 (22) <0.0005*
Ht8 (T-I-R) 0 (0) 0.5 (2)
*When analysing all eight haplotypes against each other.
Absolute numbers of cases appear in parentheses.
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Fig. 1. Levels of soluble IL-4 receptor (sIL-4R) in patients and controls.
Mean + 95% confidence interval.

the patients and the controls the results showed significantly
lower levels of sIL-4R in individuals who carried the IL4R
T-3223 allele compared with those homozygous for C-3223
(CT, 33.2 £ 0.7 vs. CC, 39.0 £ 0.9 pg/mL, P<0.0001) (Fig. 2).
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Fig. 2. Gene of the IL-4 receptor o chain, C-3223T polymorphism in
association with soluble IL-4 receptor (sIL-4R) levels. Patients and controls
taken together, mean + 95% confidence interval.
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Fig. 3. Soluble IL-4 receptor (sIL-4R) levels in comparison between
individuals homozygous or heterozygous in the haplotype containing the
alleles T-3223, V50 and R551 (TVR) compared with individuals homo-
zygous in the CIQ alleles, in patients (LJ) compared with controls (o).

These results were independent of disease, as shown by
multiple regression analysis.

A subgroup of the patients homozygous or heterozygous for
the TVR alleles expressed significantly lower levels of sIL-4R as
compared with the patients homozygous for the C-3223, 150,
Q551 (CIQ) alleles (34.8 & 1.6 vs. 39.8 & 1.1 pg/mL, P<0.05),
although this was still higher than in controls (Fig. 3).

Disease activity in relation to genetic markers

Detailed data on clinical symptoms and laboratory para-
meters were used for studies of associations with the analysed
genetic markers. When comparing the phenotypes of atopic
asthma with respect to the analysed genotypes, an association
between the IL4R haplotypes and the measurements of
percentage of expected %PEF and absolute values of PEF
were found (Fig. 4). Patients with the CIQ IL4R haplotype
had significantly lower %PEF in comparison with patients
with the TVR haplotype (101 £2% vs. 96.5+0.9%
P<0.05). This effect was also found in multivariate logistic
regression analysis with %PEF or absolute PEF values as
dependent variable (in the last case gender was included in the

Table 3. Symptoms of asthma activity in association with the C-3223T IL4R
genotypes

Genotype frequency

(%)

Symptoms cc TT/TC P-value y? test
Wheezing

Yes 21 43

No 57 42 <0.01
Cough

Yes 28 48

No 48 39 <0.05
Breathing difficulties

Yes 38 63

No 41 25 <0.01
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Fig. 4. Percentage of expected peak expiratory flow (%PEF) measure-
ments in patients with asthma in association with haplotype containing the
alleles T-3223, V50 and R551 (TVR) compared with CIQ.

model). No influence was found of genetic markers on the
FEV, and forced vital capacity (FVC) or %FEV; and
%FVC.

By analysing the separate genetic markers in relation to
clinical symptoms, we noted that the C-3223T polymorphism
associated with asthma activity. Individuals with the T allele
had more active asthma as to wheezing (P<0.01), coughing
(P<0.05) and breathing difficulties (P<0.01) (Table 3).

Immunoglobulin E levels

We measured the IgE levels in 170 patients and 160 controls.
There were no differences in total IgE levels in individuals
with different genotypes analysed as single markers or
haplotypes, neither for the patients nor for the controls.

Discussion
Our study demonstrates a previously not shown association

between the T-3223 V50 R551 haplotype of the IL4R gene
and susceptibility to atopic asthma, while none of the markers
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alone was associated with the disease. The fact that some
markers are linked and that certain haplotypes may have a
stronger impact on disease compared with single markers
alone is supported by other studies [21, 22]. A recent
investigation demonstrated that the combination of two
markers in the IL4R gene, V50 and R551, associated
with susceptibility to asthma and resulted in a receptor with
an enhanced sensitivity to IL-4, an association that was
stronger than when analysing either of the single markers
alone [22].

The EM algorithm for haplotype frequency estimation has
repeatedly been shown to provide an accurate and robust
approach for the analysis of population data with unknown
phase [23]. This algorithm is based on the assumption of
Hardy—Weinberg equilibrium of each of the markers and uses
simulation for estimation of ambiguous haplotype from the
known haplotypes, starting with estimation of unambiguous
haplotypes and calculation of genotype frequencies for each
simulated dataset. The number of permutations and the
initial conditions are important values for the development of
reliable results. We performed haplotype frequency estima-
tion using the Arlequin software [19]. The frequency data
allowed us to predict individual haplotypes and in our dataset
the rare haplotype, TVR, could be estimated unambiguously
in two control individuals and in six patients. In addition we
used the PHASE software to assign haplotypes to individuals
when the combination of alleles was ambiguous.

The IL4R promoter polymorphism, C-3223T, has, to our
knowledge, not been reported previously in association with
asthma, but the T-3223 allele has been shown to correlate
with lower levels of sIL-4R [14].

Little is known about the regulation of the expression of
sIL-4R. One study found the production of sIL-4R in
humans occurs through proteolytic shedding controlled by
metalloproteinases [24] and one might speculate that the IS0V
polymorphism, located on the extracellular side of the cell,
may influence this proteolytic shedding. On the other hand,
the sIL-4R has also been shown to be produced by alternative
splicing mechanisms [25]. The promoter polymorphism C-
3223T interferes with four potential transcriptions sites [14]
and might affect gene transcription. However, the role of
these polymorphisms in the regulation of sIL-4R production
remains unclear.

We found that asthma patients have more circulating sIL-
4R compared with controls. A similar association was also
shown in a previous study where they found higher levels of
sIL-4R when investigating the bronchoalveolar lavage from
asthmatic children [26]. In addition in our patients who were
homozygous, or heterozygous for the TVR alleles, the lowest
levels of sIL-4R and less severe asthma according to lung
function tests were shown. There have been studies regarding
the Q551R polymorphism where the R allele was found to act
as a protecting allele for IgE-mediated disorders [11, 27]. In
addition, some reports show an association between multiple
IL4R haplotypes and atopy and asthma [21, 28], even
suggesting that the underlying cause of these disorders may
be influenced by separate genetic variations. Our own data
show that the TVR haplotype associate with asthma. The
genetics behind asthma is complex and susceptibility and
severity markers need not be the same. This makes it
important to find the true phenotypes characterizing the

disorder. The role of sIL-4R, whether it contributes to the
development of allergic inflammation or is produced as a
response to disease, is not clear.

There are two hypotheses concerning the function of sIL-
4R. One is that it acts as an antagonist to IL-4, preventing it
from binding to the membrane-bound receptor [15] and the
second that it protects IL-4 from degradation and thereby
increases its half-life [29, 30]. The effect of sIL-4R in atopic
asthma has been tested both in mouse models [16] and as a
potential drug in humans [31]. With sIL-4R in the role of an
antagonist to IL-4, lower sIL-4R levels could explain the
more active asthma state that we found in individuals
carrying the T-3223 allele.

We paid special attention to atopic asthma in our study.
High level of IgE was one of the selection criteria for the
patient group. Nevertheless, as it was shown earlier, the
absolute IgE level is not a stable criterion for asthma and we
also used specific sensitization as an additional criterion for
the patient group. Non-atopic asthma patients were excluded
from this study. Further genetic analyses corresponding to
the IL4R gene are required to determine the possible
relevance of sIL-4R in this group of patients.

In conclusion, we found that asthmatic patients express
higher levels of sIL-4R compared with controls. In addition,
we also defined a genetically distinct subgroup of patients
with atopic asthma through determination of the TVR
haplotype in the IL4R gene. Patients with homozygous or
heterozygous state for all three of these alleles had lower
levels of sIL-4R in the circulation and less severe asthma
according to lung function test. This finding confirms the
importance of IL4R as a candidate gene for susceptibility to
asthma. This may have implications for the understanding of
the pathogenesis of asthma and possibly for the development
of more specific therapy.
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