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Asthma is a multifaceted disease that can present with a vari-
ety of clinical manifestations. In spite of considerable efforts,
diagnostic tools that can be used to classify asthma or pre-
dict responsiveness to asthma therapy are still lacking. As
several phenotypes of asthma exist (1-8) (many with poten-
tially overlapping mechanisms), it is unlikely that a single
biomarker can be used to distinguish between phenotypes or
predict responsiveness to medication. In addition, studies tar-
geting single molecules are not able to capture the dynamics
of multiple networks, many of which are likely unknown at
present.

Metabolomics has been shown to be a valuable tool for
the discovery of biomarkers and for the elucidation of com-
plex mechanisms in cardiovascular disease, nutrition, cancer,
and other diseases, including asthma (9-14) (Table 1).
Mattarucchi and colleagues specifically used liquid chroma-
tography-mass spectrometry (LC-MS)-based urinary meta-
bolomics to differentiate pediatric phenotypes and to identify
possible metabolite sources of inflammation, also demonstrat-
ing that molecules relevant to lung disease can be detected in
urine (11). Ho and colleagues used LC-MS metabolomics of
sensitized and challenged mice to evaluate changes in metab-
olism and found reversible changes in carbohydrate, lipid,
and sterol metabolism upon treatment with dexamethasone
(9). Additional applications of metabolomics to asthma
include nuclear magnetic resonance (NMR) of bronchiolar
lavage fluid (BALF) in mouse models (15) and exhaled
breath condensate (EBC) in humans (13, 16).

In the current issue of Allergy, the work by Ibrahim and
colleagues expands on this growing body of knowledge by
using metabolomics in an important first step toward the
development of a noninvasive diagnostic tool (17). Specifi-
cally, the authors used EBC samples to determine whether
metabolomics profiles could be used to discriminate asthmat-
ics from nonasthmatics and whether these profiles could be
used to distinguish asthmatic phenotypes. Importantly, the
study includes the use of a relatively large adult cohort, train-
ing and test data sets and a methodology that could poten-
tially be translated into the clinical laboratory. Using nuclear
magnetic resonance spectroscopy (NMR), the authors were
able to develop a classification model that could be used to
distinguish asthmatics from nonasthmatics. Five spectral
regions, of variable reproducibility, were used for the model
and provided a robust area under the receiver operating
curve (AUROC) of 0.84. Additional regions were used to dis-
tinguish between sputum neutrophilia and use of inhaled cor-
ticosteroids, but were not able to discriminate between
eosinophilia and asthma control.

Overall, the work by Ibrahim and others can be used to
highlight progress, strategies, and issues in the field (17).
While prior metabolomics studies have utilized only a limited
number of subjects or sample types, questions remain regard-
ing how best to preclassify subjects. Exploratory ‘omics stud-
ies are often ancillary to larger clinical trials that focus on
specific phenotypic or mechanistic questions or on response
to medication (e.g. determining the role of Th2 pathways in
obesity-related asthma or the response to corticosteroids in a
pediatric cohort). This necessarily biases an after-the-fact
metabolomics study toward the original question being asked
and, because sample numbers are often limited, does not
enable the exploration of broader questions. For example,
while Ibriham was able to examine neutrophilic and eosino-
philic phenotypes, the authors were not able to explore ques-
tions regarding the role of T-helper pathways, atopy, or
paucigranulocytic phenotypes (17). Inclusion of metabolo-
mics researchers and basic immunologists at study inception
would greatly expand the potential for knowledge gained by
large-scale clinical studies.

In spite of these challenges, progress continues to be made,
and Ibritham and others have developed tools that can be
potentially used to differentiate between asthmatics and non-
asthmatics. To date, no tool exists that can distinguish
between the myriad of asthmatic phenotypes, highlighting the
multifactorial nature and overall complexity of asthma and
emphasizing the need for not only multiplex tests but also
multiple platforms of discovery. While NMR has relatively
poor sensitivity and specificity compared with LC-MS, it is
nondestructive and high throughput. NMR can be used to
quantitate a limited number of molecules (<200), whereas
LC-MS can be used to analyze several hundreds, with close
to 4000 small molecules in plasma alone (18). However,
positive identification of metabolites remains a challenge in
LC-MS-based metabolomics, and statistical analysis of multi-
dimensional data is still evolving for both fields. LC-MS has
already been shown to be a powerful clinical laboratory tool,
and there is great potential for NMR in the clinical labora-
tory; however, the power of these technologies may lie not
only in the potential for biomarker discovery, but also in the
fact that they are complementary. Following the use of
NMR to determine differences, LC-MS can be used to specif-
ically identify many of the compounds detected, adding
important mechanistic information.

In addition to technical challenges, the dynamic interplay
between genes, proteins, and metabolites in the context of
environmental stimuli cannot be understood using a single
platform. The state of the asthmatic lung is also variable,
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due to differential medication use or factors such as pollu-
tion, allergens, and the presence of bacteria or viruses. It is
unclear whether a single sampling is sufficient to capture the
overall disease state or whether repeated measures will be
required. Therefore, well-designed biomarker discovery stud-
ies will require longitudinal samples, preferably with data
before and after treatment. Unfortunately, the design and
implementation of a study with sufficient subjects with spe-
cific phenotypes, with longitudinal samples, is presently
beyond reach. Therefore, for the time being, those interested
in the role of small molecules in asthma will necessarily rely
on ancillary trials, where access to suitable samples is an
additional challenge.

Although central dogma states that disease-relevant mole-
cules are most likely to be found in tissues nearest to the sites
of damage/disease, the use of airway fluids in research has
proven challenging for several reasons (19, 20). These include
a lack of normalization schemes, inability to include internal
standards, and contamination between fluids, especially sal-
iva. However, the noninvasive nature of sputum and breath
collection remains appealing, and potential markers with rele-
vance to asthma such as proteins, prostaglandin D2, and leu-
kotrienes (LTEs) have been found in airway and other
sources (21, 22). Although experimental design, including the
randomization of contaminants among controls and asthmat-
ics, minimizes effects, concerns remain, and there have been
conflicting conclusions from NMR (largely claiming no con-
tamination) and LC-MS laboratories (showing contamination
and poor coefficients of variation) (23). Preliminary work in
our laboratory has shown that urinary LTE4 can be used to
distinguish between asthmatics and nonasthmatics and that
there is a strong correlation between EBC and salivary levels
of LTEs and PGs. However, salivary contamination may
result in artificially increased signal and therefore greater dif-
ferences between asthmatics and nonasthmatics. Therefore,
efforts to quantitate salivary contamination should be
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included in any study, and analysis of the overlap between
fluids is warranted. Overall, the clinical implications for a
breath-based diagnostic are significant, with potential for
fast, in-office diagnostic tests, and the use of research tools
such as NMR and LC-MS to study breath is an important
first step toward this goal.

In spite of considerable challenges, there is immense poten-
tial for metabolomics to discover molecules that can be used
to improve diagnosis and treatment of asthma through accu-
rate phenotyping of patients. In addition, our own studies
have shown potential for small molecules to be used to pre-
dict response to leukotriene receptor agonist medication and
to predict risk of severe exacerbations in children exposed to
tobacco smoke (24, 25). These studies asked specific ques-
tions and suggest potential for metabolomics to discover new
biomarkers; however, the need for comprehensive, large-scale
clinical metabolomics studies remains. With the advancement
of metabolomics techniques, including instrumentation, soft-
ware, and evolving databases, these studies have high poten-
tial for success, and in the near future, we expect that
metabolomics studies will result in novel diagnostic
approaches for asthma.
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