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It has long been established that many common 
diseases are the result of interactions between ge­
netic susceptibility and environmental exposure. 
The identification of genetic variants that under­
lie susceptibility to diseases and alter the expres­
sion or function of proteins (either familiar or 
novel) can implicate the protein in question in the 
pathogenesis of the disease. This not only increas­
es the understanding of disease pathophysiology 
but also can lead to the development of new 
therapeutic agents. It is this hope that has spurred 
the search for genetic variants underlying common 
diseases during the past quarter century.

The advances of the Human Genome Project 
and the International HapMap Project1 in cata­
loguing and mapping the extent of human genetic 
variation and the availability of new genotyping 
methods have given rise to genomewide associa­
tion studies. In these studies, array-based technol­
ogy is used to genotype single-nucleotide polymor­
phisms (SNPs) across the genome. This approach 
has led to a surge in the number of genes impli­
cated in common diseases. Most of these genes 
are of unknown function.2

Asthma is a chronic inflammatory disease of 
the airways that is associated with increased re­
sponsiveness of the airways to environmental 
stimuli and variable airflow obstruction. Symp­
toms of asthma include recurrent episodes of 
wheezing, breathlessness, chest tightness, and 
coughing. Asthma is a result of the interaction 
between genes and environment, and several 
genetic and environmental factors, such as expo­
sure to environmental tobacco smoke in early life, 
have been identified.3

Last year, a genomewide association study 
showed that SNPs at chromosome 17q21 were as­
sociated with asthma in four groups of patients 

of European descent.4 Some of these variants were 
also associated with transcript levels of an adja­
cent gene, ORMDL3, which encodes a protein of 
unknown function belonging to a family of trans­
membrane proteins anchored in the endoplasmic 
reticulum.

The identification of a robust positive associ­
ation between a genetic variant and a disease lies 
far upstream (if it has any effect at all) of any 
effect on clinical practice. Such a discovery poses 
a series of questions.

First of all, where is the causal variant? The 
identification of a SNP that is highly associated 
with the disease phenotype does not necessarily 
imply causality. The SNP may be in linkage dis­
equilibrium with the true causal SNP and thus act 
as a proxy marker. The true causal SNP may lie 
elsewhere in the block of linkage disequilibrium 
in which the associated SNP lies. This causal SNP 
may or may not be in or in the vicinity of the same 
gene implicated by the “discovery” SNP. Second, 
in which patients is this gene relevant? Does sus­
ceptibility relate to all patients who have the dis­
ease or to a subgroup of patients that can be 
classified clinically? Third, at what point in de­
velopment (or development of disease) does the 
effect of the variant become critical? In other 
words, at what point on the continuum between 
health and overt clinical phenotype does altera­
tion in the expression or function of the gene dis­
pose the patient to disease? Fourth, multiple genes 
are involved in determining susceptibility to dis­
ease. Which interactions between genes or be­
tween the gene and the environment exist? And 
finally, how does the alteration in the expression 
or function of the gene lead to disease?

Answers to some of these questions are pro­
vided by Bouzigon and colleagues5 in this issue 
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of the Journal. They describe the results of a rep­
lication study of the association between SNPs at 
chromosome 17q21 and asthma and refine that 
association in two ways: 17q21 SNPs seem to be 
specifically associated with the onset of asthma 
at the age of 4 years or younger and in those 
who have been exposed to environmental tobacco 
smoke.

Alongside the internal replication in the initial 
report5 and subsequent related studies,6-9 the study 
by Bouzigon et al. confirms the role of genetic 
variation at this locus in predisposing patients to 
asthma. The novel findings relating to age and the 
role of early exposure to tobacco smoke will re­
quire replication by others before they are carved 
in stone. However, despite all this, the identity of 
the genes whose activity or function is modified 
by the causal variant is still unclear. Although the 
initial report highlighted the regulation of tran­
script levels of ORMDL3 as a potential pathogen­
ic mechanism, the most highly associated SNPs 
observed by Bouzigon et al. span three genes in 
addition to ORMDL3. These are ZPBP2, which en­
codes zona pellucida–binding protein 2; IKZF3, 
which is involved in leukocyte development and 
regulation of IgE production; and GSDML (also 
called GSDMB), which is involved in epithelial bar­
rier function. Furthermore, the authors cite un­
published data suggesting that the markers that 
are associated with asthma are also associated 
with changes in the expression of GSDML, in ad­
dition to that of ORMDL3.

The finding that the association between these 
SNPs and asthma is specific to that occurring in 
children who are 4 years of age or younger sup­
ports the notion that asthma is not one disease 
but merely the clinical manifestation of several 
different disease entities.10 Although childhood-
onset asthma shares some risk factors with adult-
onset asthma (for example, a family history of the 
disease, exposure to environmental tobacco smoke, 
and atopic sensitization), there are some marked 
differences. These include sex (more boys than 
girls are affected in early childhood, and more 
women than men are affected in adulthood), the 
timing of symptoms (which tend to be intermit­
tent in childhood and persistent in adulthood), 
differences in airway obstruction (increased pe­
ripheral airway resistance in the absence of cen­
tral airflow obstruction in childhood, as compared 
with both peripheral and central airway obstruc­
tion in adulthood), and the association with atopy 

(which is closer in early-onset disease than in late-
onset disease).11 

The latter association is not supported in the 
study by Bouzigon et al., who observed no link 
between the implicated 17q21 variants and atopic 
phenotypes. Further work is required to determine 
whether the 17q21 variants are specifically asso­
ciated with one or more of these phenotypic char­
acteristics. Moreover, the association with the age 
of onset should be prospectively tested in longi­
tudinal birth cohorts. One explanation for the ob­
served association between 17q21 variants and 
early-onset asthma is that in defining an early-
onset subgroup, the authors selected a subgroup 
of patients with asthma with high heritability. It 
has been suggested that susceptibility to early-
onset diseases has a higher genetic contribution 
than susceptibility to adult-onset diseases, which 
may have a comparatively greater environmental 
component.12

A wide range of evidence supports a crucial 
role for early-life events in the pathogenesis of 
asthma.13 The study by Bouzigon et al. provides 
additional support for this concept through both 
the restriction of the genetic effect to early-onset 
asthma and the apparent interaction between 
17q21 variants and early-life exposure to environ­
mental tobacco smoke. This interaction further 
highlights the detrimental effect of such early-life 
exposure on respiratory health.14 However, Bouzi­
gon et al. could not differentiate the effects of 
prenatal and postnatal exposure to tobacco smoke, 
so the question of timing remains partly unan­
swered.

The next and as-yet-unanswered questions are 
how the causal genetic variants alter disease sus­
ceptibility and what role the encoded gene prod­
ucts play in the pathogenesis of asthma. Since the 
identity of the critically affected gene or genes is 
still a matter of conjecture, the answers are un­
likely to be discovered in the near future.

In summary, the evidence for a specific sub­
group of patients with asthma starting in early 
life highlights the fact that asthma may be syn­
dromic rather than a single disease entity. More­
over, Bouzigon et al. have provided additional 
evidence of a role for early exposure to tobacco 
smoke in the pathogenesis of the disease. When 
more is known regarding the mechanism by which 
genetic variation at this locus alters susceptibil­
ity to asthma, ways to translate these findings into 
clinical practice may become more apparent.
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