Letter to the Editor

Genetic variation in Ty17 pathway genes,
childhood asthma, and total serum IgE levels

To the Editor:

The role of Ty17 cells and Ty17-associated cytokines in auto-
immune diseases and chronic inflammation is widely recog-
nized.' In children with atopic asthma, Ty;17 cells in peripheral
blood were found to be increased and inversely correlated with
asthma control.” The cytokine milieu has a decisive effect on
the balance between developing immunosuppressive regulatory
T cells or proinflammatory Ty17 cells. Dysregulation of the cyto-
kine balance can therefore contribute to autoimmunity and
chronic inflammation.” IL-17A and IL-17F are signature cyto-
kines secreted by Ty17 cells and potent inducers of inflammation.
Increased levels of these cytokines were observed in airways of
patients with asthma,” and first candidate gene studies suggested
single nucleotide polymorphisms (SNPs) in /IL/7A and ILI7F to
be associated with asthma.’

This study investigated whether genetic variants in the Ty17
pathway influence asthma and total serum IgE levels during child-
hood. We analyzed genes involved in the differentiation and
maintenance of Ty17 cells and genes coding for Tyl7-related
effector cytokines (Fig 1; see the Methods section in this article’s
Online Repository at www.jacionline.org). The relevance of asso-
ciations in Ty17 pathway genes was ranked with an algorithm
considering P values, effect sizes, and multiple testing.

Subjects (651 with asthma and 652 without asthma as controls)
for association analyses with asthma and total serum IgE levels
were derived from the Multicentre Asthma Genetics In Childhood
Study (MAGICS, cases) and the International Study of Asthma
and Allergy in Childhood, phase II ISAAC II, reference popu-
lation). Both populations were of German origin and genetically
homogeneous, and the studies were performed with very similar
tools and definitions (see the Methods section; also see, Fig E1 in
the Online Repository at www.jacionline.org).

All 17 genes of the Ty17 pathway were investigated in a sys-
tematic tagging SNP approach based on HapMap CEU data. In to-
tal, 203 tagging SNPs (** > 0.8; minor allele frequency >0.03)
captured all essential genetic information of 404 polymorphisms
present in the Tyy17 pathway genes including =10 kilobase pairs
flanking sequences (see Table E1 in this article’s Online Reposi-
tory at www.jacionline.org). Tagging SNPs (n = 17) were geno-
typed if not covered by previous genome-wide chip genotyping
(n = 91) or imputation (n = 94). Only rs3136558 located in
ILIB could neither be genotyped nor imputed and had to be
excluded from further analysis. Imputed tagging SNPs showing
associations (P <.05) with asthma were genotyped for validation
(see this article’s Methods section).

All 202 tagging SNPs were analyzed by using logistic regression
to determine additive effects of SNPs on asthma status. Significant
associations (P < .05) with asthma were observed for 11 tagging
SNPs (see Table E2, C in this article’s Online Repository at www.
jacionline.org). While 11 associations do not considerably exceed
stochastic expectations (202 SNPs X 0.05 = 10 SNPs), these asso-
ciations clustered to specific parts of the Ty 17 pathway, suggesting a
nonrandom distribution of association results. To address multiple
testing without overcorrecting (such as with Bonferroni correction)
and the risk to miss true associations, a ranking algorithm was
applied as previously published.” The algorithm accounts for the
maximal P value and effect size per gene in relationship to the num-
ber of SNPs tested per gene (see this article’s Methods section). This
allows one to investigate clustering effects in disease-associated
pathways. By applying this approach, the top ranked gene
showing asthma association was found to be /L23A followed by
RORvyt, ILI7F, IL23R, ILI7A, TGFBI, and IL22 (Table I).

Associations with atopic and nonatopic asthma were investi-
gated in 468 atopic asthmatic patients, 98 nonatopic asthmatic
patients, and 408 nonasthmatic nonatopic controls (see this
article’s Methods section and Fig E1). Atopic asthma was again
associated with IL17A, IL23A, RORvyt, IL23R, and IL17F though
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FIG 1. Genes associated with the Ty17 pathway. The PubMed database was reviewed for molecules
involved in the differentiation of naive CD4™ T cells into the Ti417 lineage or maintenance of the T;;17 pheno-
type (A), key transcription factors (B), and Ty17 effector cytokines (C). All 17 genes were selected for genetic
association analyses with asthma phenotypes and total serum IgE levels.
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TABLE I. Ranking of Ty17 pathway genes associated with asthma,
atopic or nonatopic asthma, and total serum IgE

Asthma
Gene Prin OR,ax n N Ranking score
IL23A .0276 1.38 1 1 4.30
RORvyt .0064 1.24 3 16 3.23
ILI7F 0115 1.29 1 10 2.75
1L23R .0138 1.30 3 23 2.73
ILI7A .0186 1.21 1 10 2.31
TGFBI .0287 1.24 1 10 2.10
1122 .0465 1.20 1 15 1.70
Atopic asthma
Gene Prin OR ., ax n N Ranking score
ILI7A .0001 1.47 2 10 6.80
IL23A .0142 1.57 1 1 5.80
RORvyt .0007 1.41 4 16 5.62
IL23R .0245 1.24 1 23 2.09
ILI7F .0457 1.27 2 10 2.04
Nonatopic asthma
Gene Prin ORax n N Ranking score
ILI7F .0212 2.49 4 10 5.84
IL23R .0152 2.95 2 23 5.82
1122 .0477 3.35 1 15 4.72
ILI2RBI 0112 1.73 2 11 3.99
ILI7A 0111 1.51 2 10 3.55
IL6 .0395 1.39 1 14 2.09
ILI2B .0446 1.44 1 13 2.09
Total serum IgE (ISAAC II)
Gene Prin OR,hax* n N Ranking score
121 .0009 1.80 2 7 7.01
ILI2B .0139 1.28 4 13 3.11
ILI7A .0201 1.41 2 10 2.87
ILIRI .0173 1.32 2 25 2.51
1122 .0341 1.33 1 15 2.09
IL23R .0311 1.25 1 23 1.97
IL26 .0336 1.17 1 14 1.85

Total serum IgE (MAGICS/ISAAC II)

Gene Prin ORax* n N Ranking score
1121 .0001 1.64 2 7 8.13
ILI2B .0007 1.24 8 13 6.35
ILI7A .0056 1.36 2 10 3.68
ILIRI .0125 1.22 2 25 2.51

Tagging SNP association data were analyzed with a ranking algorithm to
systematically assess the significance of single genes on the Ty17 pathway. The
function accounts for the strength of tagging SNP associations, effect sizes, and
multiple testing. The tables are arranged according to the final ranking score of the
gene.

n, Number of tagging SNPs with P < .05; N, total number of tagging SNPs; ORpax,
strongest odds ratio for the risk allele among SNPs with P < .05; P,;,, most
significant P value among tagging SNPs.

*Estimates have been transformed into ORs.

in a different ranking order (Table I). In nonatopic asthma, the
order of associated genes was ILI7F, IL23R, IL22, ILI2RBI,
IL17A, IL6, and IL12B (Table I).

Effects on total serum IgE levels were analyzed by applying
linear regression adjusted for age, sex, and asthma status.
IgE level measurements were available for 1137 subjects
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(452 MAGICS and 685 ISAAC II). Associations were first
explored in the cross-sectional ISAAC II population (Table I).
Analyses in the combined MAGICS/ISAAC II data set confirmed
associations and ranking of [L21, ILI2B, ILI17A, and ILIRI
(Table I). IL21 was strongly associated with IgE levels but not
with asthma. This suggests a distinct role of IL-21 in total serum
IgE levels and the development of allergy.

While we acknowledge the explorative character of our study
with small sample sizes, it is intriguing that in all phenotypes at
least 1 molecule involved in IL-23 signaling (IL23A, IL23R,
ILI2B, or ILI2RB]I) obtained a high-ranking score and that the
proinflammatory cytokine /L17A was consistently associated. In
addition, all asthma phenotypes were associated with ILI7F.
The importance of the IL-23/IL-17 axis in chronic inflammation
has recently been highlighted by a haplotype analysis in Crohn
disease.® Associated haplotypes also contained polymorphisms
identified in our study (rs2275913 and rs10484879 in ILI7A,
rs375947 in ILI2RBI, and rs3212227 in IL12B). RORyt, another
part of the IL-23/IL-17 axis, also gained high-ranking scores in
asthma and atopic asthma, emphasizing its prominent role in
Ty17 differentiation and the induction of proinflammatory cyto-
kines such as IL-17A and IL-17F.’

Functional relevance of associated polymorphisms in ILI7A
(rs2275913) and IL23R (rs7517847, rs790631, and rs10889675)
has recently been shown. These polymorphisms correlate with
the Tyxl7 cell marker and cytokine expression in human
cord blood.'” Early effects of Ty;17 polymorphisms on the cyto-
kine milieu indicate that SNPs in the Tyl7 pathway may
contribute to asthma development at a very early stage. Further
promising targets for functional analyses exist: Polymorphisms
rs11209026 (IL23R) and rs375947 (ILI2RBI) lead to amino
acid changes. Both SNPs were associated with nonatopic
asthma and had been linked to inflammatory diseases before
(see Table E3 in this article’s Online Repository at www.
jacionline.org). Additional fine mapping of associated genes
may identify further causal mutations in the Ty17 pathway.

This study indicates that genetic variation in the IL-23/IL-17
axis is involved in the development of childhood asthma and
total serum IgE levels. In addition, IgE levels seem to be affected
by mutations in /2] and ILIR]. This information can be useful
when targeting Ty17 genes and Tyl7-associated mechanisms
for therapeutic purposes in different diseases in the future.
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