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Summary

The scope of this thesis was the genetics of asthma. Several different phenotypes and genetic 

analytic approaches are covered in this thesis. Chapter 1 presents an introduction to the 

subject. This encompasses topics such as: “How can you study the genetics of a complex trait, 

such as asthma?”, and “Which are examples of different phenotypes that are relevant to study 

the genetics of asthma?”. For instance, a large difference in effect size on the development of 

asthma is observed for the gene ORMDL3 when studying childhood onset of asthma instead of 

adult onset asthma, thus revealing the importance to studying the right phenotype.

Bronchial hyperresponsiveness (BHR) is a core feature of asthma, and its severity contributes 

to asthma symptoms and severity in daily life. There are some studies showing results of 

candidate gene analysis on the severity of BHR in asthma, although a Genome Wide Association 

Studies (GWAS) on the severity of BHR has only been performed once in children.1 Only a few 

genes have been previously identified and replicated for the severity of BHR in asthma, being 

ITGB5, AGFG1, ADRB2, GPR154, TBX21, VEGF and FCERIb in children2-8 and ADRB2 in adults.9-11 

Therefore we set out to study the genetic contribution to BHR severity in asthma by a GWAS. 

Traits such as asthma or BHR can also be affected by an interaction of either SNP and 

environment or SNP epistasis. In this thesis we also studied the interaction of SNPs and 

inhaled corticosteroid (ICS) use on the severity of BHR within asthma in a cross-sectional 

model. This could identify genes that are involved in the response of BHR to ICS in asthmatics. 

Furthermore, we also study if a SNP epistasis exists between ORMDL3 and ATP2A2 that 

influences the chance of developing asthma. In a previous study12 It has been observed that 

ORMDL3 binds and inhibits SERCA in the endoplasmic reticulum. We can test if this observed 

interaction is associated with an interaction of SNPs in both genes. 

Another topic that is covered in this thesis is the course of asthma in a lifetime. The outcome 

of asthma can differ between patients, as some asthmatics experience symptoms of asthma 

all their life, whereas others do not experience any symptom at all after some years of active 

asthma. They are in so-called “remission of asthma”. The reason why one patient develops 

remission and the other not can be divided in three different factors: environmental, genetic 

and a combination of these two factors. Although there are several environmental factors 

associated with asthma remission in the literature, it is still not possible to predict whether 

someone will go into asthma remission later in life. So far, GWAS have not been performed in 

cohorts with a long time of follow-up, but this may help to identify genes involved in asthma 

remission.
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Asthma genes and subphenotypes
In Chapter 2 we performed a GWAS on asthma patients who express BHR. We identified SNPs 

associated with asthma and analysed if these SNPs change the expression of their transcripts 

in lung tissue (cis-eQTLs) and/or associate with other asthma subphenotypes among the SNPs 

replicated in four cohorts (age of onset, corticosteroid use, atopy (skin prick test), FEV1% 

predicted, severity of BHR, total IgE and eosinophils in blood, and neutrophils, eosinophils, 

CD4+ cells in airway wall biopsies). We also studied if having a well-defined asthma definition 

including BHR, would lead to larger effect sizes of the SNPs on asthma compared to effect 

sizes of SNPs previously identified to be associated with asthma in the literature (Chapter 2).

After replication of our results, we identified 2 tagging SNPs in the already identified 17q21 

locus that were associated with asthma at genome wide significant level, and additionally 

identified suggestive evidence for 4 SNPs in AB3BP, NAF1 and MICA, which had not been 

associated with asthma before. The 6 replicated SNPs were enriched for eQTLs and together 

associated to 35 gene transcripts in lung tissue. The subphenotype analyses, associated the 

17q21 region with CD4+ T-cells and a higher eosinophil count in airway wall biopsies of 

asthmatics. ABI3BP was associated with lower levels of IgE measured in blood and finally 

NAF1 and MICA were associated with atopy (measured with skin prick test) in asthma. We 

show that subphenotype analysis can give direction into the function of a gene.  

When studying asthma with a more strict definition, i.e. only asthmatics who expressed BHR, 

we conclude that when applying this stricter asthma definition this did not result in larger 

genetic effect sizes as compared to findings in the literature. 

Severity of bronchial hyperresponsiveness in asthma
In Chapters 3 and 4, the genetics of the severity of BHR was studied in two different ways. 

We first assessed which genes are associated with the severity of BHR by performing a GWAS 

on severity of BHR in asthma. Secondly, knowing that the use of ICS can affect the severity of 

asthma and BHR in clinical practice13, we assessed which genes interact with ICS use in the 

severity of BHR by performing a Genome Wide Interaction Study (GWIS).

The GWAS on the severity of BHR identified two genes to be associated, i.e. PTTG1IP and 

MAML3. These two genes were studied for the presence of eQTLs and co-expression in lung 

tissue after replication in two cohorts. EQTL analysis revealed that both SNPs are an eQTL for the 

gene in which they are located. PTTG1IP has in general not been studied much in the literature, 

but our co-expression analyses showed that the gene is negatively co-expressed with PTTG1, 

and positively co-expressed with Vimentin and E-cadherin. E-cadherin1 has been associated 

with the barrier function of airway wall epithelium and Vimentin has been associated with the 

differentiation of fibroblasts to myofibroblasts, which in turn can contribute to a thickening of 

the airway wall. A thicker airway wall could lead to more stiffness in the airway wall, resulting 
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in less severe BHR. Both genes were associated with less severe BHR, thus providing a plausible 

explanation as to their relationship with BHR severity.

In our analysis, MAML3 showed a positive co-expression with MAML2. In literature, MAML3 

has been linked to chronic mucus hypersecretion in COPD.14 Furthermore, Maml3 has been 

associated with loss of Notch signaling in mice.15 The loss of Notch signaling has recently 

been associated with less Th2 differentiation, resulting in less inflammation in mice.16 This 

could be compatible with less severe BHR, since less inflammation has been shown to be 

associated with less severe BHR.17 

The second analysis on the severity of BHR was on the interaction between SNPs and ICS with 

respect to the severity of BHR in asthma patients. Our study showed interesting results, but 

we could not identify any genome wide significant SNPs. This study clearly shows that a large 

number of asthmatics would be preferable for replicating a GWIS. Although we did not have 

a high power to find replication, we identified 6 SNPs in different genes to associate with the 

interaction of the gene and ICS use for the severity of BHR. One of the genes, C1orf100, has 

been previously associated with a lower FEV1 in asthma. In the latter publication, a significant 

interaction between expression of C1orf100 measured in CD4+ T-cells and the use of 

Budesonide (an ICS used for asthma) was observed, as well as a negative correlation between 

the expression of C1orf100 with FEV1 during a 4-year trial on budesonide and placebo in 

childhood asthma. These authors did not perform SNP analyses, therefore we could not link 

our data to their results.

SNP x SNP interaction in asthma
Chapter 5 describes the specific interaction of SNPs in ORMDL3 and ATP2A2. ORMDL3 was 

one of the first genes for asthma identified in a GWAS study18, but the exact mechanism 

of this gene is still unknown. It has been hypothesized that ORMDL3 has an interaction 

with ATP2A2, which disturbs the calcium homeostasis in the endoplasmic reticulum.12 This 

disturbance could lead to a higher chance of developing asthma. We hypothesized that there 

exists a SNPxSNP interaction between these two genes. This interaction was found in the 

PIAMA cohort, but we could not replicate these findings in two other cohorts. We also studied 

the expression of both genes in lung tissue and found that ORMDL3 could interact with 

ATP2A2 via SNPs and expression. SNPs in ORMDL3 negatively influenced the expression of 

ORMDL3 in lung tissue. Higher ORMDL3 expression associated with lower ATP2A2 expression. 

A reduction in expression of ORMDL3 could thus result in a higher expression of ATP2A2 

via co-expression. It has been shown previously that asthmatics have a lower expression 

of ATP2A2 in airway smooth muscle cells compared to healthy controls.19 A low expression 

of ATP2A2 has therefore been associated with asthma. Via this complex way, ORMDL3 and 

ATP2A2 could interact and influence the risk of developing asthma, but further studies are 

needed to confirm our findings.
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Asthma remission
In chapters 6 and 7, the remission of asthma in the Roorda cohort is described. The Roorda 

cohort was created in 1972-1976 and 102 asthmatics were followed-up for asthma outcome 

till 2013-2014. In this cohort data are available in childhood as well as adulthood. In both 

chapters, the same definitions of asthma remission are being used, i.e. ‘clinical remission’, 

which implies the absence of asthma symptoms (no wheezing without having a cold in the 

last year and no asthma attacks in the last 3 years) and no use of asthma medication in the 

last year, but individuals could still have a low lung function (FEV1< 80% of predicted) or 

BHR. The other definition used is ‘complete remission’; the same definitive criteria as for 

clinical remission, yet here with a good lung function (FEV1> 80% of predicted) and without 

the presence of BHR. Chapter 6 studies a long term follow-up of asthma outcome and the 

childhood factors associated with asthma outcome during follow-up. In this chapter, we 

found that 75% of the asthmatics who had active asthma in childhood and are in complete 

remission at age 25, are still in complete remission when they are 49 years of age. Furthermore, 

we found that a family history of acute lymphocytic leukemia, a higher FEV1/FVC ratio and 

a positive skin prick test in childhood are associated with complete remission later in life. 

Wheezing and having an atopic mother are on the other hand associated with the persistence 

of asthma. 

Chapter 7 describes the genetic factors associated with remission of asthma by performing 

a GWAS with subsequent eQTL analyses. Since complete remission of asthma is a rare 

phenomenon, we did not have a high power to find significant results. But even with low 

power, we could identify several loci associated with complete, and also clinical remission. 

After performing a meta-analysis in two replication cohorts of our top 25 SNPs in the 

identification cohort, one of the SNPs, rs6581895 (intergenic between YEATS4 and FRS2), 

was almost genome wide significantly associated to complete remission. Rs12405429 

(intergenic between FAM89A and TRIM67), and rs1420101 (located in IL1RL1) also replicated 

for the association with complete remission. In clinical remission one SNP, rs7240102, was 

replicated. 

FRS2 is a biological plausible gene for asthma remission due to the activation of the Ras/ERK, 

PI3kinase and MAPK pathway20, which can affect the neurite outgrow.21 Furthermore, FRS2 

can inhibit EGF signaling and affect the signaling of FGF and VEGF21, which might contribute 

to inflammation via angiogenesis as well as actin reorganization.20 

By defining a strict remission phenotype, we identified 3 SNPs to be associated with complete 

asthma remission. Therefore, this chapter shows that when using a strict phenotype definition, 

even with a low number of affected subjects, a significant association of a gene with this 

phenotype can still be found. 
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