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Abstract. Bronchial asthma and juvenile idiopathic arthritis (JIA) are complex genetic diseases. As both represent chronic
inflammatory diseases it is likely that they are at least partially influenced by the same genetic variants. One goal in dissecting the
genetics of complex diseases is to identify a genetic risk profile. Therefore it is necessary to genotype polymorphisms in many
different pathways. Thus we investigated 48 polymorphisms in 24 genes for association with asthma and/or JIA.
Genotpying was performed on 231 asthmatic children, 86 children with JIA and 270 controls. Association analysis was performed
by the Armitage’s trend test. Furthermore haplotypes were calculated by FAMHAP.
We found association of polymorphisms within IL-4, CTLA4 and TNFalpha with asthma and/or JIA. Furthermore, the polymor-
phisms showed an inverse distribution between children with asthma and JIA. However, we were not able to confirm association
of most of the previously described candidate genes.
We conclude from our data that it might be very difficult to identify genetic risk profiles for the development of asthma and/or JIA
that would be valid across different populations. However, this study adds further evidence that the common genetic background
of asthma and JIA is mainly based on polymorphisms in important TH1 and TH2 cytokines.
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1. Introduction

Bronchial asthma and juvenile idiopathic arthritis
(JIA) are chronic inflammatory diseases. They repre-
sent complex genetic diseases. The dissection of the
genetics of complex diseases is hampered by the fol-
lowing factors:

Complex diseases are not only caused by a variety
of polymorphisms in different genes, but also influ-
enced by the interactions of these variants with each
other (epistasis). This is still very difficult to detect by
current statistical methods [1]. Besides, environmental
factors can provoke the disease even in absence of any
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disease-causing polymorphisms (phenocopy); individ-
uals which harbour some genetic risk factors to develop
the disease can be completely healthy (incomplete pen-
etrance). Finally, specific environmental factors can
interact with genetic variants [2,3].

Despite the difficulty in defining the genetic basis
of complex diseases, some progress has been made re-
cently and many candidate genes have been described.
The aim behind these studies is to gain new insights into
the pathophysiology of the diseases. This should lead
to the development of new drugs which act more spe-
cific and effective. Including data about the response
to a therapy and observed side effects in genetic stud-
ies will also enable us to predict which patient might
benefit from a special drug [4]. Maybe the most am-
bitious aim is to identify a genetic risk profile for the
development of complex diseases. This would lead to
the future scenario where we can perform a genetic test
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soon after birth and calculate the risk for the newborn
to develop a complex disease. In case of a genetically
increased risk it would be feasible to perform preven-
tive measures very early in life when the organism is
most susceptible for such approaches. In order to de-
velop risk profiles for complex diseases it is necessary
to genotype polymorphisms within a variety of genes
on one clearly defined population.

We are mainly interested in the genetics of bronchial
asthma. As several studies have shown that chronic
inflammatory diseases share at least some common ge-
netic determinants [5] we also recruited a population of
children with JIA. Recently, a comprehensive review
on asthma genetics has described 64 genes found at
least once in association with asthma or atopy; about
30 of those genes were confirmed in a second popu-
lation [6]. In this study we mainly focused on those
genes which have been found repetitively in associa-
tion with bronchial asthma until spring 2004. Thus
we typed 48 polymorphisms in 24 genes involved in
different inflammatory pathways in asthmatic children,
children with JIA and controls.

2. Materials and methods

2.1. Asthmatic population

The asthmatic population has been described in de-
tail before [7]. Briefly, three hundred and twenty one
children with suspected asthma (aged 5 to 18 years)
were recruited from the south-western part of Germany
between July 2000 and January 2003. The probands
were characterised at the University Children’s Hos-
pital, Freiburg, Germany, using a standardised clinical
protocol. An extended medical history was recorded
including occurrence and duration of wheezing symp-
toms, previous and acute medications, severity of pre-
vious asthma attacks, previous allergic rhinitis or con-
junctivitis, atopic dermatitis and any family history of
allergic diseases.

2.2. Pulmonary function tests

Pulmonary function tests were performed using stan-
dard protocols. In addition exercise induced asthma
was diagnosed by subjecting the probands to physical
exercise for 6 minutes under standardised conditions.
The first spirometry and peak flow measurement were
performed after 2–3 minutes and the second after 5–
6 minutes. After 10 more minutes the children inhaled

with salbutamol and a third spirometry and peak flow
measurement were taken.

To test for bronchial hyperresponsiveness inhalations
with increasing, doubling concentrations of histamine
(from 0.125 mg/dl to 8 mg/dl) were performed. Testing
was stopped after a 15% fall in FEV1.

2.3. Asthma definition

Two hundred and thirty one out of the 321 recruited
children were diagnosed as positive for bronchial
asthma. The diagnosis was based on a clear-cut history
of asthmatic symptoms, the use of anti-asthmatic med-
ication and the existence of bronchial hyperreactivity
(BHR). BHR was defined as a fall in FEV1 by at least
15% in histamine testing or exercise provocation.

2.4. Population of children with juvenile idiopathic
arthritis

The forms of JIA have been classified by the Inter-
national League of Associations for Rheumatology [8].
The present study is focussed on patients fulfilling
the clinical criteria of chronic arthritis which refers to
arthritis of at least 6 weeks duration of unknown cause
occurring in children less than 16 years old. In addi-
tion, all patients included in the study were tested posi-
tive for antinuclear antibodies (ANA) in serum, i.e. titer
>1:80. Eighty six children fulfilling this criteria were
recruited. One child of this group had asthma but did
not show elevated IgE levels.

2.5. Control population

Two hundred and seventy randomly chosen probands
were used as controls (aged 19 to 40 years). They
originate from the same area in the south-western part
of Germany. No medical history was taken and no
medical testing was performed on controls.

2.6. Sequencing

For all polymorphisms three controls (homozygous
wildtype, heterozygous and homozygous mutation)
were sequenced by the dideoxy chain termination
method [9] using the Big Dye Terminator cycle se-
quencing kit on an ABI 310 sequencer (Applied Biosys-
tems). All the following studies included these three
reference individuals for each polymorphism.
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2.7. Genotyping

All polymorphisms were genotyped by means of Re-
striction Fragment Length Polymorphisms. The frag-
ments were resolved on 2% agarose gels.

2.8. Statistical analysis

Association analysis was performed for each poly-
morphism using the Armitage’s trend test. This
test takes into account the individuals’ genotypes
rather than just the alleles, following the guide-
lines given by Sasieni [10] as implemented in the
program FINETTI (Thomas F. Wienker, unpub-
lished data; http://ihg.gsf.de/cgi-bin/hw/hwa1.pl and
http://ihg.gsf.de/linkage/download/finetti.zip). Analy-
ses were performed for the asthmatic versus the con-
trol and the JIA population and for the JIA versus the
control population. Armitage’s trend test based on the
genotypes remains valid even if HWE does not hold
and thus should give meore reliable results [11]. Still,
for each of the 48 polymorphisms, we tested separately
whether the genotype distribution in the three popula-
tions was in HWE, using the program FINETTI.

In addition to the analyses based on single polymor-
phisms, we performed haplotype frequency estimations
for those genes in which at least three polymorphisms
were typed. This was done by using the programs
FASTEHPLUS [12] and FAMHAP [13].

2.9. Approval

The collection of DNA material and the experimental
procedures were approved by the Ethical Committee of
the University of Freiburg. A statement of informed
consent was signed by all participants or in the case of
children signed by their parents.

3. Results

3.1. Genotyping

The polymorphisms under investigation are sum-
marised in Table 1. Besides information about the
nature of the polymorphisms, the location, accession
number and when applicable amino acid exchange the
allelic frequency in the three populations is given.

All but four polymorphisms were in Hardy-Weinberg-
Euqilibrium in all three populations as calculated by
De Finetti (data not shown). The four exceptions were

in the control population: rs1800796 in IL-6 (p =
0.0048), rs5743836 in TLR9 (p = 0.0374), rs2243250
in IL-4 (p = 0.0275) and rs1800888 in ADRB2 (p =
0.0387). The polymorphisms in IL-6 and ADRB2 were
very rare and thus the deviation is most likely caused
by chance. In addition by testing 48 polymorphisms
in three populations a p-value of < 0.05 is expected by
chance seven times.

3.2. Association analysis

Pairwise association analyses were performed for
asthma – controls, JIA – controls and JIA – asthma by
the Armitage’s trend test. Significant results are shown
in Table 2. The listed p-values have not been corrected
for multiple testing.

IL-4 was weakly associated with asthma (p =
0.0451). There was no association with the diagnosis
JIA per se, however the allelic frequency was differ-
ent between asthmatics and children with JIA by the
p-value of 0.001.

Polymorphisms within CTLA4 and TNFalpha were
not associated with the diseases per se, but again chil-
dren with JIA differ significantly from children with
asthma (p = 0.030 and 0.034 respectively).

3.3. Haplotype analysis

Haplotypes were calculated for the genes in which at
least three polymorphisms were genotyped: ADAM33,
CSF2, FCER1B and TLR4. There was no significant
difference in haplotype distribution between the popu-
lations for any of those genes (data not shown).

4. Discussion

In this study we included 48 polymorphisms within
24 candidate genes for bronchial asthma. Most of
these genes play an important role in the regulation of
immune response in general, thus we investigated the
same polymorphisms in a population of another chronic
inflammatory disease, that is children with JIA. Despite
the fact that most of these polymorphisms have been
found repetitively in association with asthma and/or
rheumatoid arthritis, we only found association with
three genes:

The strongest association was found with the pro-
motor polymorphism -C590T in IL-4. The allelic fre-
quency differed by the p-value of 0.001 between asth-
matics and children with JIA. Furthermore the same
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Table 1
Listed are the genes, polymorphisms and their allelic frequencies in children with asthma, controls and children with juvenile idiopathic arthritis

Gene Polymorphism Location AA exchange rs number Frequency Asthma Controls JIA

ADAM33 C/G Exon 19 rs 528557 0.299 0.257 0.274
A/G Intron 19 rs597980 0.421 0.395 0.418
G/T Intron 19 rs44707 0.419 0.393 0.429
A/G Exon 20 M764T rs2280091 0.156 0.120 0.149

ADRB2 A/G Exon 1 R16G rs1042713 0.380 0.379 0.429
C/T Exon 1 T164I rs1800888 0.009 0.013 0.006

CARD15 C/T Exon 4 R684W rs5743276 0.070 0.065 0.094
3020iC Intron 11 0.041 0.030 0.029

CCR3 C/T Intron 2 rs1491962 0.420 0.421 0.367
C/T Exon 3 rs4987053 0.074 0.069 0.088

CCR5 Wt/Δ580-611 Exon 1 rs333 0.094 0.116 0.071
CSF2 C/T Intron 3 rs25881 0.180 0.169 0.165

T/C Exon 4 I117T rs25882 0.221 0.213 0.200
G/A Promotor -1440 rs2069616 0.424 0.429 0.382

CTLA4 C/T Promotor -318 rs5742909 0.116 0.111 0.061
A/G Exon 1 T17A rs231775 0.350 0.377 0.410

FCER1B A/G Intron 2 rs2583476 0.413 0.399 0.428
A/G Exon 7 E237G rs569108 0.029 0.024 0.011
C/T Exon 7 rs2847655 0.419 0.401 0.429

IL-2 G/T Exon 1 L38R rs2069763 0.397 0.347 0.369
T/G Promotor -385 rs2069782 0.267 0.312 0.259

IL-3 T/C Promotor -68 rs31480 0.213 0.216 0.226
C/T Exon 1 P27S rs40401 0.222 0.222 0.238

IL-4 C/T Promotor -590 rs2243250 0.214 0.163 0.110
IL-6 G/C Promotor -572 rs1800796 0.061 0.057 0.050

G/C Promotor -174 rs1800795 0.394 0.403 0.429
IL-10 C/A Promotor -571 rs1800872 0.248 0.267 0.247

A/G Exon 5 rs3024498 0.228 0.235 0.212
MCP1 G/A Promotor -2518 rs1024611 0.266 0.275 0.225
MIF C/G Intron 2 rs2070766 0.161 0.142 0.205

C/G Promotor -270 rs755622 0.177 0.151 0.212
NOS1 C/G Exon 15 rs13391 0.305 0.307 0.260
NOS3 G/T Exon 7 E298D rs1799983 0.323 0.299 0.304

PAFAH A/G Exon 8 I198T rs1805018 0.046 0.041 0.027
A/G Exon 12 V370A rs1051931 0.243 0.225 0.202

RANTES A/G Promotor -177 rs1800825 0.022 0.028 0.041
C/T Promotor -471 rs2107538 0.216 0.195 0.185

SELP G/A Exon 7 S330N rs6131 0.209 0.213 0.218
G/T Exon 12 V640L rs6133 0.098 0.110 0.065

TNFalpha C/T Promotor -1037 rs1799724 0.110 0.147 0.170
G/A Promotor -308 rs1800629 0.167 0.146 0.145

TNFbeta A/G Intron 1 rs909253 0.341 0.323 0.286
TLR4 A/G Promotor -6142 0.308 0.301 0.312

T/C Promotor -5723 0.107 0.119 0.129
A/G Exon 2 D259G rs4986790 0.041 0.048 0.041
C/T Exon 2 T359I rs4986791 0.048 0.045 0.041

TLR9 A/G Promotor -1237 rs5743836 0.129 0.150 0.100
C/T Exon 2 rs352140 0.434 0.455 0.488

Abbreviations: ADAM33: A disintegrin and metalloproteinase domain 33; ADBR2: β2-adrenergic receptor; CARD15: Caspase recruitment
domain-containing protein 15; CCR: Chemokin receptor; CSF2: colony stimulating factor 2; CTLA4: Cytotoxic T lymphocyte-associated 4;
FCER1B: Fcε receptor β chain (high affinity IgE receptor); IL: Interleukin; MCP1: monocyte chemotactic protein; MIF: macrophage migration
inhibitory factor; NOS: nitric oxide synthase; PAFAH: platelet-activating factor acetylhydrolase; RANTES: regulated upon activation, normally
T-expressed, and presumably secreted; SELP: selectin P; TNF: tumor necrosis factor; TLR: Toll like recptor.

polymorphism was weakly associated with bronchial
asthma. These results resemble the one we obtained
with a IL-13 variant in the same populations [14]. IL-
4 and IL-13 represent the strongest TH2 cytokines.
According to the classical TH1-TH2 paradigm they

promote TH2 diseases like bronchial asthma and at
the same time suppress TH1 diseases like rheumatoid
arthritis. Thus the results are in support for this TH1-
TH2 balance theory.

In addition we found association of polymorphisms
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Table 2
Results of the association study by the Armitage’s trend test. Listed are only the
polymorphisms with significant association

Gene Polymorphism Asthma-controls JIA-controls Asthma-JIA

CTLA4 rs5742909 0.451 0.086 0.030
IL-4 rs 2243250 0.045 0.088 0.001
TNFalpha rs1799724 0.083 0.434 0.034

within CTLA4 and TNFalpha by comparing asthmatic
children with children suffering of JIA. However both
assocations are quite weak (p = 0.030 and 0.034, re-
spectively) and might be reached by chance. Associ-
ation of CTLA4 with asthma has been described be-
fore [15], and an inverse association with arthritis is
also known [16]. This would be in favour of the TH1-
TH2 balance of the immune system, too.

Our data are in contrast to several previously pub-
lished studies. This could be due to several reasons:
The size of the study population is essential. Using a
small sample size can result in false negative results.
The risk of missing true association is especially high
in complex diseases in which the effect of one single
polymorphism on the disease is quite small [17]. Our
asthmatic population might be of a reasonable size to
identify major genes for asthma (the power for detect-
ing association ranges from 0.923 to 0.967 for polymor-
phisms with an allelic frequency of 0.2 to 0.5). How-
ever, the JIA population is quite small and thus asso-
ciation could be missed (statistical power from 0.689
to 0.780 for polymorphisms with an allelic frequency
of 0.2 to 0.5). In addition, we typed in average two
polymorphisms in each gene and thus the real-disease
causing variant could be missed. The power of associ-
ation analyses can be improved by including haplotype
analyses. We have shown in a previous study within
the same asthmatic population that five single polymor-
phisms in IL-15 are not associated with asthma whereas
haplotypes built up out of these polymorphismsshowed
highly significant association [18]. In the here pre-
sented study we also calculated haplotypes for all genes
in which at least three polymorphisms were genotyped.
However, we did not find any significant result.

An emerging new field in asthma genetics are the po-
tential interactions between genes and environment [2].
Not including these data into analyses might therefore
lead to false negative results. We have no data about
environmental factors in our study populations so we
can not exclude the possibility that we missed such an
association in our sample.

Another important factor in association studies is
the characterisation of controls. We used randomly
chosen controls, which have not been characterised for

any phenotype. Thus it is highly likely that we have
included some individuals with asthma or JIA in the
control population. This will enhance the possibility of
a type 2 error.

Finally, distortion of association results is simply
produced by the fact that positive association studies
are far more easily published than negative results [6].
Therefore the impact of a gene on the development of
a disease might be over estimated.

To give a complete picture of the genetics of asthma
and JIA in our populations it should be mentioned that
in previous published studies we did not find asso-
ciation of polymorphisms within IL-18, matrix met-
allo proteinase 9, UGRP1, CD14 and TGF-beta with
the diseases. In contrast, we did find association of
bronchial asthma with IL-8, IL-13 and IL-15 and of JIA
with IL-13 and IL-15.

It is striking that until now we have only found as-
sociation of asthma or JIA per se with different Inter-
leukins though we have investigated a wide range of
genes participating in different pathways. It seems un-
likely that this is due to a special genetic background
or environment in Germany as other studies in German
children have also identified other candidate genes [19,
20].

When comparing the genetics of JIA and bronchial
asthma the results might suggest the following: On the
one hand the common genetic background of both dis-
eases is influenced by the opposite alleles of polymor-
phisms in strong TH1 and TH2 cytokines and thus in
accordance to the TH1/TH2 balance hypothesis. On
the other hand polymorphisms in genes coding for pro-
inflammatory proteins show similar distribution be-
tween both populations and thus might have the same
effect on both diseases. In this regard the classical
TH1-TH2 paradigm is still too simple for the explana-
tion of the underlying immune response in chronic in-
flammatory disease. Recent studies are now focussing
on the so called regulatory T-cells [21].

However, we have to conclude from our data that it
will be very difficult to identify a genetic risk profile for
the development of asthma or JIA which will be valid
across different study populations – even in the same
country.
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