
Tackling asthma phenotypes in
community studies
Peter G Gibson

Episodic wheezing with variable airflow
obstruction (asthma) defines a syndrome
that is well recognised and much studied.
It is now clear that this syndrome is
heterogeneous in its clinical features, treat-
ment response, prognosis and pathophy-
siological mechanisms. Causation remains
elusive, yet the differences in asthma
prevalence across the world,1 the effect of
migration on changing asthma prevalence2

and the rise in asthma prevalence in the
past decades highlight very potent gene
and environmental effects that modify the
clinical expression of asthma.3

Studying asthma heterogeneity is a
useful way to disentangle these complex
issues.4 The intense focus on allergic
mechanisms has given us very precise
understanding of the Th2–eosinophil
mechanistic pathway, effective and spe-
cific treatment—for example, anti-immu-
noglobulin E (IgE) monoclonal antibody
treatment—and shown that a primary
prevention strategy based on this
approach is not likely to be beneficial.

Current attention is focusing on patterns
of granulocyte infiltration, specifically the
presence or absence of eosinophils and
neutrophils.5 There is clear heterogeneity
in these responses among adults with
asthma, where a non-eosinophilic pattern
of response is associated with more severe
persistent asthma, non-response to corti-
costeroid therapy and certain specific trig-
ger factors such as tobacco smoking and
occupational exposures. Furthermore, it is
also possible to link the granulocyte
response patterns to key immunological
mechanisms, such as eosinophils with Th2
lymphocyte responses and neutrophils
with dysfunctional innate immune
responses.6 This approach integrates basic
mechanisms with clinical asthma hetero-
geneity to yield endogenous asthma phe-
notypes, or ‘‘endotypes’’.7

While the application of the granulo-
cyte phenotypes has proven useful in
many settings, its application to epide-
miological studies has remained elusive.
This is predominantly because of a lack of

accessible markers to allow classification
of inflammatory phenotype in large num-
bers of subjects. Induced sputum and
bronchial biopsy are the standard meth-
ods for detecting granulocyte phenotype
in clinical research settings, but these
techniques have yet to be successfully
applied in the field. Some groups have
tried it in a small way,2 8 but they do not
seem to be rushing back!

Nadif and colleagues (pages 374–80)
use data from the Epidemiological Study
on the Genetics and Environment of
Asthma (EGEA) to describe a novel yet
simple approach of using blood counts to
define granulocyte inflammatory patterns
in asthma.9 The appeal of the approach
comes from the ease of sample collection.
Peripheral blood can be obtained from
subjects of all ages, using familiar and
standardised collection procedures (vene-
puncture). The approach is biologically
plausible since the infiltrating granulocytes
in the airway are bone marrow-derived
cells which access the airway via the
circulation. The mechanisms controlling
bone marrow release of granulocytes are
different from those controlling chemo-
taxis of cells into tissue,10 which means
that the blood phenotype will be less
precise than a tissue phenotype derived
from an airway sample. Future work will
need to assess the agreement between
tissue and blood phenotype classifications;
however, it is likely that the increased
sample size available in an epidemiological
study can be used to overcome any
imprecision in blood phenotype classifica-
tion. Similarly, it will also be necessary to
control the many factors that influence
circulating granulocyte counts such as
time of day, recent exercise and exposures.

Earlier work has examined the relation-
ship between blood and airway cells in
asthma. Pizzichini et al11 compared the
discriminatory potential of induced spu-
tum, brochoalveolar lavage (BAL) and
blood eosinophil counts in asthma and
found that although the sensitivity and
specificity of sputum eosinophils was
highest (area under the curve (AUC)
0.9), blood eosinophils also had good
discriminatory potential that although
numerically less (AUC 0.72) was not

statistically different from sputum eosi-
nophils. Blood eosinophils have also been
demonstrated to relate to clinical asthma
markers in many other studies. Studies
with circulating neutrophils need to be
done, whereas blood lymphocytes and
their subsets do not seem to relate
usefully to airway lymphocytes.12

Interestingly, the relative proportions of
each blood inflammatory phenotype were
similar to those reported in sputum studies,
where the frequency of each pattern is
ordered as paucigranulocytic, eosinophilic,
neutrophilic and mixed pattern.5 The study
was sufficiently large to have a high number
of subjects with a mixed pattern, which in
previous work have been allocated to the
neutrophilic category. This has identified
that some of the clinical features previously
associated with neutrophilic asthma are
most pronounced in mixed granulocytic
asthma—that is, smoking, lower FEV1

(forced expiratory volume in 1 s) and male
gender—whereas others such as less severe
airway hyper-responsiveness (AHR) are seen
as features of neutrophilic or paucigranulo-
cytic asthma. The study also shows that
suppression of eosinophils by corticosteroid
treatment cannot be the sole explanation for
non-eosinophilic asthma since the majority
of subjects with a non-eosinophilic pattern
had not received corticosteroid therapy in
the last 12 months. Perhaps of equal impor-
tance is that these phenotypes were defined
in a body compartment separate from the
airway. This highlights the growing recogni-
tion of the association between systemic
inflammation and airway disease, which is
increasingly recognised in chronic obstruc-
tive pulmonary disease (COPD), and now
rediscovered in asthma.

Those with an eosinophilic pattern were
clearly the sickest, a feature found in other
studies, and the association of eosinophilia
with serum IgE and bronchial hyper-
reactivity (BHR) confirms the mechanistic
link between Th2 mechanisms and eosi-
nophils as the endotype hypothesis pre-
dicts. The addition of increased
neutrophils to raised eosinophils (mixed
pattern, EOShi NEUhi) seems to worsen the
clinical asthma severity, but not the
COPD-like symptoms. Bronchitic symp-
toms of chronic phlegm and dyspnoea
were more frequent in the neutrophil
group, a feature we have also observed in
clinic populations and in a macrolide
treatment study of non-eosinophilic
asthma.13 These observations point to
potentially different mechanisms in these
subjects that may involve mucus hyperse-
cretion, and have clinical implications since
these dominant symptoms of cough and
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mucus hypersecretion in non-eosinophilic
asthma are not regularly assessed in
asthma control questionnaires. This may
explain why successful macrolide therapy
improves asthma-related quality of life yet
does not impact on asthma control score.

Will this approach be useful? Probably
yes. Studies in respiratory epidemiology
and other disciplines have found impor-
tant relationships between circulating
white cell count and mortality.14 15

Parenthetically, this cautions the need
carefully to examine the specificity of
the results, particularly in populations
where other influences may alter blood
cell numbers, for example ageing or
unrelated exposures. Several other studies
have related white cell count to respira-
tory outcomes such as atopy16 and,
importantly, the effect of exposures.17 18

To date, the characterisation of the
clinical phenotype of subjects in genetic
studies has been limited, and this may
partly explain the inconsistency between
studies and the small size of the genetic
effects that have been identified. I have
long puzzled over how scientists can
define a person’s genotype to the level of
a single nucleotide yet accept a phenotype
characterisation in the same individual
that is as (im)precise as the answer to the
question ‘‘Do you wheeze?’’. The solution
to this problem does not lie in bigger and
better gene machines that are sold with

the promise of ‘‘personalised medicine’’; it
lies in better characterisation of the
phenotype that can then be linked to
genetic characterisation.

The use of circulating granulocyte
counts is a simple yet effective way to give
scientists access to better phenotypic clas-
sification in large-scale studies. It is one of
those observations that prompts responses
like, ‘‘anyone can do that’’, or ‘‘I wish I’d
thought of that!’’. To which the reply
might be, ‘‘Yes. So now lets make use of it’’.
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The art of replication
Michael Kabesch

Hot topics in science, like fashion, come
and go. Asthma genetics is no exception
to this rule. Asthma candidate genes come
and very few stay for good, changing from
‘‘candidate’’ gene to ‘‘disease’’ gene. Only
an exclusive few survive a thorough
replication process.

The asthma candidate genes studied in
the replication approach by Blakey and
colleagues1 (pages 381–7) were originally
discovered by positional cloning, a technique
based on linkage studies using microsatellite
markers and subsequent fine mapping of
these linkage signal loci in families. Until
recently, when genome-wide association
studies (GWAS) entered the field, this was

the method of choice to detect novel asthma
candidate genes. In contrast to candidate
gene studies, which are hypothesis driven
and always only as good as the underlying
hypothesis, positionally cloned genes had
the aura of being the better asthma candi-
date genes, as they were detected by a
systematic genomic approach not poten-
tially biased by the researcher’s own belief in
a hypothesis. Seven years after the first
positionally cloned asthma candidate genes
were published in 2002/2003, positional
cloning has lost its nimbus. It became clear
that these genes are no better candidates
than those detected by hypothesis-driven
approaches. Bias is not excluded by posi-
tional cloning. What counts at the end of the
day in complex disease studies is replication
and verification.

Interestingly, the interpretation of
replication has become a matter of debate
itself. Some argue that larger populations

may not necessarily be better for replica-
tion of genetic signals in complex diseases.
Disease definitions may be broader in
large studies as phenotype assessment
may be limited in larger studies.
Environmental conditions in the replica-
tion study may be very different from the
population where the initial result was
acquired. As gene–environment interac-
tions are an important factor in complex
diseases and as asthma could be a
syndrome with different underlying
mechanisms, this diversity may influence
the prospect for replication.

Another important issue in replication
is that different but related phenotypes
are sometimes used synonymously to
argue for positive replication. This
approach has been called ‘‘loose replica-
tion’’. For example, instead of replicating
the association of single nucleotide poly-
morphism (SNP) A in gene 1 with asthma,
an association of SNP B in gene 1 with
elevated immunoglobulin E (IgE) in the
replication study is observed. As elevated
IgE may be related to asthma, this is
counted as a loose replication of the initial
finding. However, this seems rather like
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